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1020-195 Transcatheter Closure of Atrial Septal Defects and Patent 
Foramen Ovale Under Intracardiac Echocarciiographic 
Guidance: Feasibility and Comparison With 
Transesophageal Echocardiography 
Zryad M M. H. Hijazi, Zhong Wang, Qi-Ling Cao, Peter Koenig, David Waight, Roberto 
Lang. University of Chicago Children’s Hospital, Chicago, IL 
Background: Transesophageal echocardrography (TEE) has been successfully 
employed for guiding transcatheter device closure of secundum atrial septal defect (ASD) 
and patent foramen ovale (PFO). However, the use of TEE for device closure requires 
general anesthese=. Intracardiac echocardiography (ICE) can provide simrlar anatomical 
views that might replace the use of TEE for device closure. Methods and Results: Six 
patients (4 female/Z male) with secundum ASD and PFO associated with a stroke under- 
went an attempt of transcatheter closure of their defects under TEE and ICE guidance. 
The age of patients ranged from 6.6-71 .I yr. and their weight ranged from 23-91 kg. The 
size of the defects measured by TEE ranged from 3-27 m m  and by ICE from 3-26.2 m m  
The balloon stretched diameter of the ASD ranged from 16-38 m m  and by ICE from 19.1. 
34.2 mm.  Both techmques correlated well for the measured 2-D diameter and for the bal- 
loon stretched diameter (r=O.97: 0.98 respectively). Both TEE and ICE provrded ade- 
quate views of the defects and the various stages of device deployment. However, due to 
the proximity of the left atrium to the esophagus, the images obtained by ICE were more 
helpful and informative than those obtained by TEE. As documented by TEE and ICE 
color flow Doppler, there was complete closure of the defects in 5 patients and one 
patient had small residual shunt There were no complrcations. Conclusions: ICE pro- 
vides unique images of the atrial communicatrons and similar measurements to those 
obtained by TEE. ICE may potentially replace TEE for guiding device closure of ASD and 
PFO thus eliminating the need for general anesthesia 
1020-196 Normal and Abnormal Atrioventricular Conduction Time in 
the Fetus Analyzed by Tissue Velocity Imaging 
Azaria J. J. T .  Rein, Clam P O’Donnell, Adrian Moran, Ravi Mandapati, Amiram Nir, 
Gerald R. Marx, Tal Geva, David J. Sahn. Oregon Health Sciences Universifx Portland, 
Boston Children’s Hospital. Boston 
Background: Assessment of atrioventricular (AV) conduction in the fetus has been lim- 
ited to detection of complete AV block. Precise measurement of fetal AV conduction time 
(AVCT) would be extremely valuable in maternal lupus erythematosus or to assess the 
effect of therapy for fetal arrhythmia. We showed in a previous study that tissue velocity 
imaging (TVI) assesses AVCT accurately with excellent agreement with surface EGG PR 
interval. 
Methods: Twenty-eight normal 
fetuses (gestational age 16-32 
weeks, mean 21) and 8 fetuses s +. ._ : i. I- 
with long AVCT (7 fetuses with J . i- ;* ‘. *_. r~” 
prolonged AVCT during atria pre- : !  : /_ ’ j’ ‘, :, 
mature beats, 1 fetus on digoxin i !  I 
therapy with Wenckebach 2” block) 
), i 5” ‘* I,, se 
^, 
(Figure) were studied. TVI was ’ )* ;3 *%*, ‘;, :’ 1L 
performed in 4.chamber views 
using the GElVingMed System 
Five at high frame rates (65.120, mean 78 Hz): cineloops were stored as raw data for 01 
line analysrs (Echopac 6.2). Srmultaneous overlaid tissue velocity [TV) curves were 
obtained from 4 regions of interest: in the superior RA and LA, and in RV and iV myocar- 
dium at AV annulus level. AVCT was digitized from TVI curves from beginning of first 
atrial contractton to onsei of ventricular isovoiumic contraction. 
Results: Adequate TV images ware obtained in all fetuses and AVCT was readily mea- 
sured in all. In normals, the right AVCT (82*11 msec) was longer than left AVCT (?I+12 
msec; pcO.001). Stepwise regression analysis showed a correlation between right AVCT 
and gestational age (r&65) but not with heart rate. Both right (122 i 17mssc) and left 
(129 f 42msec) AVCT in the diseased group were significantly longer than the normal 
(p<o.ool). 
Conclusions: For the first time, both normal and abnormal AV conduction can be pre- 
cisely assessed in the human fetal heart. 
1020-197 Accuracy of Echocardiographic Assessment of the Right 
Ventricle after Tetralogy of Fallot Repair: Comparison With 
MRI 
Ravi Thiagarajan, Adrian Moran, Jami Levine, Andrew Powell, Tal Geva. Chiidren’s 
Hospifal, Boston, MA 
Background: Assessment of right ventricular (RV) function by 2D echo in patients after 
tetralogy of Fallot (TOF) repair is mostly qualitative due to the complex chamber geome- 
try. However, the accuracy of such qualitative assessment has not been evaluated in 
detail. Methods: Echocardiograms of patients with TOF who also underwent quantitative 
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assessment of RV size and function by MRI were reviewed. Qualitative assessment of 
RV size and function, degree of hypertrophy (RVH) and pulmonary regurgrtation (PR), 
presence of RVOT aneurysm and left ventricular function, from the study ethos were 
graded by two independent staff echocardiographers and compared with MRI.Variabies 
were graded on a scale of l-4. Results: Of the 27 study patients (age 28.6 i- 15 years), 
14 (51%) were maleThe agreement between grades obtained by echo and the rnterob- 
server variablity in grading are shown in the table below. 
Accurate Overestimate of 1 Underestimate of Interobserverdiscrepancy 
or more grades 1 or more grades of 1 or more grades 
RV function 69% 4% 27% 45% 
RV sire 38% 31% 31% 55% 
PR 28% 28% 44% 58% 
RVH 55% 15% 30% 48% 
LV function 88% 8% 4% 31% 
A discrepancy of 2 grades or more between observers occured in 17% of cases with 
regard to RV function and size, 34% for AVH and 10% for PA. Echo failed to diagnose 1 
of 2 patients with RVOT aneurysm on MRI. Conclusions: In comparison to quantitative 
MRI, qualitative assessment of RV size and degree of PR by echocardiography is fre- 
quently inaccurate. Qualitative assessment of RV function by echocardiography is less 
accurate compared with LV function assessment. Use of qualitative AV function indices 
obtained by echocardiography should be used with caution in clinical decision making. 
1020-198 Aortic Wall Mechanics in Children Utilizing a Novel 
Application of Doppler Tissue Imaging 
Mark A. Fogel, Zhu Tian, Jack Rychik. The Children’s Hospital of Philadelphia, 
Philadelphia, PA, University of Pennsylvania School of Medicine, Philadelphm, PA 
Background: Aortic wall mechanics, in part, determines systemic blood pressure, func- 
tions to store potential energy for diastolic flow and affects aortrc fluid mechanics. Meth- 
ods: We sought to determine aortlc wall mechanics in normal children by applying 
pulsed Doppler tissue imaging (DTI) to the antenor wall of the descending aorta in 15 
healthy children (age 14 + 18 months). We also obtained blood flow Doppler in the 
descending aorta as a comparison. All times are heart rate corrected. Results: Morphol- 
ogy of the DTI tracing displayed accelerated expansion of the aortic wall for 140 I 30 
msec (acceleration time) followed by a slow deceleration, a plateau and then a rapid 
deceleratron into diastole (see image). Maximum wall expansion velocity (V) was 4 8 i- 
1.5 cm/s. During diastole, the aortic wall contracted and demonstrated a biphasic V trac- 
ing, wrth maximum Vs of 3.7 2 .5 cm/s and 3.3 2 1.6 cm/s separated by 380 i: 50 msec 
Correlations existed between DTI and blood flow Doppler for pm-ejection periods 
(r=O.95), ejection time ((=0x36), and velocity time tntegral (rz0.65). In addrtion, a correla- 
tion existed between maximum wall expansion V in systole and the first V peak of wall 
contraction (r=0.81), consistent with the notion that potential energy stored in systole in 
the aortic wall is turned into kinetic energy in diastole. Conclusion: Aortic wall mechan- 
ics in normal children can be evaluated by Doppler tissue imaging and demonstrate a 
complex waveform. Correlations exist between blood flow and aortic wall dynamics as 
expected. This technique may be useful in evaluating the design and performance of aor- 
tic reconstructions by altering surgery to imitate normal aortic wall mechanics (presum- 
ably the lowest energy state). 
1020-199 Assessment of Pulmonary Artery Stenosis Using Freehand 
Flock of Birds Digital Color Three-Dimensional 
Echocardiographic Reconstruction 
Suthep Wanitkun, Rosemary A. Rusk, David J. Sahn. Oregon Health Sciences 
University: Portland 
Background: Pulmonary artery (PA) trunk or branch PA stenosis complicates a number 
of congenital cardiac defects. The aim of our study is to evaluate freehand color Doppler 
30 Flock of Birds reconstruction of a modeled segment of PA stenosis. 
Methods: A PA model was created from latex tubes to slmulats the main PA and its main 
branches with baseline cross-sectional areas (CSA) of 0.7 cm*. A series of narrowed 
segments in the right and left PA were created. Cross-sections in this area ranged from 
0.13-0.59 cm2 smallest CSA, and obstructive segmental length of 0.17-1.80 cm. These 
elements mounted into the model had their dimensions verified by IVUS imaging at 30 
MHz. Pulsatile flows at 60 beatsimin were generated through the system. A GE/ 
VingMed System Five with magnetic locator system (Flock of Birds) on a 3.5 MHz trans- 
ducer was used to acquire a freehand sweep for ECG gated 3D data acquisition by color 
Doppler flows through the model. The images were reconstructed offline by GE/ 
VingMed EchoPac 3D software and measured. 
Results: The narrowest CSA of the 3D color flow cast of the pulmonary artery demon- 
strated excellent agreement with the reference stenotic IVUS GSA of the model (r = 0.98, 
p<O.OOl, SEE = 0.04 cm’). The stenotic length estimated from 3D was also in good 
agreement with the reference (I = 0.98, p<O.OOl, SEE = 0.03 cm). In addition, complex 
morphology of the stenosis was well visualized by the technique. 
454A ABSTRACTS - Pediatric Cardiology 
Conclusion: Freehand color 3D imaging noninvasw?ly allows accurate assessment of 
the severity and morphology of PA stenosis. 
1020-200 A New Look at an Old Operation: Evaluation and Follow-Up 
of Patients With Left Vqtricular Apical to Aortic Conduits 
Using Two- and Three-Dimensional Magnetic Resonance 
Imaging and Doppler Echocardiography 
Mark A. Fogel, Jack Rychik, Anne Hubbard, Alvin Chin, Paul M. Weinberg. The 
Childrenk Hospital of Philadelphia, Philadelphia, PA, University of Pennsylvania School 
of Medicine, Philadelphia, PA 
Background: Although the interposition of left ventricular apical to descending aorta 
conduits (AAC) has diminished with the advent of the Ross-Konno operation, it remains a 
useful optton particularly in very young Infants. We reviewed our institutional experience 
imaging AACs and tested the hypothesis that the gradient across the native left ventricu- 
lar outflow tract (LVOT) by echocardiography (echo) correlated with the AAC gradient by 
cardiac catheterization (cath). In a patient with an unobstructed AAC, no gradient should 
exist across the native LVOT. Methods: A retrospective review of the echo, c&h, mag- 
netic resonance imaging (MRI) data and history of 9 patients with AACs over an 8 year 
period. In 7/9 patients, 6 AAC obstruction events were assessed by Doppler interrogation 
of the native LVOT and by cath. Five patients underwent 6 MRI scans. Results: In all 
cases of obstruction diagnosed by cath (56.3e21.9 m m  Hg), Doppler echo demonstrated 
gradients across the native LVOT (69.3+21.2 m m  Hg, r=0.67, see graph). Since Z-dimen- 
sional echo could not visualwe the entire AAC in any patient, Z-and 3.dimensional MRI 
was used successfully to evaluate anatomy and identify the site of obstruction. All 
patients manifested AAC obstruction. Four of 9 (44%) patients have died, three under- 
went the ROSS operation, one continues to live with his original AAC and one was lost to 
follow-up. Conclusion: A gradient by Doppler interrogation of the native left ventricular 
outflow tract is an indirect means of assessing AAC obstruction. MRI is a useful tool to 
complement anatomic diagnosis by echo. AAC obstruction is common, and late mortality 
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1048-195 Echocardiographic Predictors for the Development of 
Subaortic Stenosis After Atrioventricular Septal Defect 
Repair 
Scott Lim, Greg Ensing, Stephen Mooradian, Achiau Ludomirsky, Albert Rocchinl 
University of Michigan, Ann Arbor, MI 
Development of subaortic stenosis (SAS) after surgical repair of atrioventricular septal 
defects (AVSO) has been described, but the mechanism and predisposing factors are 
poorly defined. The purpose of this study was to identify the echocardlographic predic- 
tors for the development of SAS following AVSD repair. Methods: Review of Michigan 
Congenital Heart Center database identified 10 consecutive patients with balanced 
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AVSD who had echocardiographic evaluation prior to initial repair, subsequently diag- 
nosed with significant SAS. The period from initial surgery to diagnosis of SAS ranged 
from 25 to 96 months (mean 49 months). SAS patients were compared to 20 patients 
with AVSD who have not developed SAS, and were matched for initial weight and length 
of follow-up. Echocardiographic parameters evaluated and compared between the two 
groups were: ratlo of the left ventricular outilow tract (LVOT) diameter to the aortic annu- 
Ius, degree of displacement of the atrioventricular (AV) valve into the left ventricle, the 
distance from the anterior-lateral papillary muscle to the septum in systole, the volumes 
of right and left ventricles, the diameters of right and left AV valve components, the angle 
of the septum and LVOT, the presence of LVOT chordae or redundancy of the AV valve 
tissue. Results: Increased displacement of the AV valve leaflets into the ventricle was 
significantly associated with the development of SAS (mean ratio 0.19 vs 0.12, p = 
0.002), as was a smaller angle between the septum and LVOT (mean 36 vs 46 degrees, 
p = 0.01). There was no significant difference between patients developing SAS and con- 
trpls for presence of Downs syndrome or the other factors identified above. Follow-up on 
the patients after repair of SAS has shown 8 of 10 to be free from SAS. Conclusion: The 
development of SAS following AVSD repair is associated with 1) an increased displace- 
ment of the AV valve into the ventricle, and 2) a decreased angle between the LVOT and 
septum. AVSD patients with these factors should be followed carefully for development of 
SAS. 
1048-196 Quantification of Laminar Flow Pulsatile Stroke Volume in a 
Tapering Tube With a New Digital 3-Dimensional Color 
Doppler Flow by Interrogating Parallel to the Direction of 
Flow: An In Vitro Study 
Jun Li, Jong-Soo Lee, Crispin H. Davies, Ghada 0. M. El-Sedfy, Xiang-Ning Li, David J. 
Sahn. Oregon Health Sciences.University, PorNand, OR 
Background: A new 3D dig&al color Doppler lammar flow imaging method allows the 
acquisition of data in an orientation parallel to flow with subsequent flow to cross-sec- 
tional area and velocity distribution calculations analyzed in planes perpendicular to flow. 
We used a new digital 3D color Doppler flow method to quantify laminar flow at several 
levels of a tapering laminar tube to test consistency and accuracy. 
Methods: Raw scanline data with digltal velocity assignments was transferred during 
color Doppler rotation acquisition in 3” steps with a multiplane transesophageal probe 
connected to an ATL5000 which was connected to a Windows computer workstation via 
an Ethernet link. We studied 9 stroke volumes (20.6Oml) in a pulsatile laminar flow fun- 
nel-shaped tube model during the pump cycle. Stroke volume (SV) was estimated by the 
30 color Doppler method within the funnel at 3 different depths. Results were compared 
with those obtained by a flow meter on the model. 
Results: All 3 levels of 3D Doppler gave SVs close to reference, confirmmg the consis- 
tency of the method, but the’flows calculated from the average of the 3 depths showed 
the closest correlation wth reference values (average depths, r = 0.96, y = 1.14x - 0.43). 
Conclusion: This new digital 3D color Doppler flow measurement method is feasible, 
accurate and simple. Sampling accelerating flow at multiple levels improves accuracy. 
1048-197 Regional Right Ventricular Strain Rate Imaging Following a 
Senning Repair. How Do Ultrasound Based Regional 
Function Indices Compare with Global Ejection Fraction 
Assessed by Magnet Resonance Imaging? 
Frank Weidemann, Benedicte Eyskens, Fadi Jamal, Luc M&ens, Marc Gewillig, Bart 
Bijnens, Liv Hatle, George R. Sutherland. Cardiology Department, University Hospital 
Gasthuisberg, Leuvan, Belgium 
Background: Non-invasive assessment of right ventricular (RV) segmental function 
post-Senning repair would benefit from a technique that can characterize regional myo- 
cardhal deformation. Ultrasound derived Strain Rate imaging has the potential to quantify 
local myocardial deformation independent of both overall heart motion and the contrac- 
tion of adjacent segments. Methods: Colour Doppler myocardial imaging (DMI) regional 
RV data was obtained at high frame rate (150 frames/s) in 16 patients who were (14 + 4 
yrs) post-Senning. Data post-processing was performed to determine longitudinal end- 
systolic strain values for the basal, mid and apical segments of the RV free wall. These 
regional RV deformation parameters were compared wth the global RV ejection fraction 
assessed by Magnet Resonance Imaging (MRI) as a clinically accepted gold-standard. 
Results: End-systolic RV free wall longitudinal strain values were homogeneous for all 
three segments measured (base: 15&5%; mid: l&7%; apic: 16~6%) over the wide range 
of MRI ejection fractions (30.65%) encountered in the study. (No patient had evidence of 
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mVcfc of the IND-rats was significantly lower than that of the controls (1.92+0.49 vs 
2.84+0.14circlsec, p<O.Ol). In the IND-rats, V and FVI decreased significantly compared 
with those of the controls (-18% and -25%, p<O.Oi). Constricted ductus (-91%, pcO.Oi), 
decreased RV volume (-75%. p<O.Ol), increased LV volume (+37%, ~~0.05) and 
streched foramen wale (+88%, p<O.Ol) were observed in the IND-rats compared with 
those of the controls, which suggested increased right-to-left shunt through the foramen 
ovale. Conclusions: Severe RV failure by ductal constriction during uterine life induced 
dilated LV with depressed contractiltty. 
1048-200 Abnormal Function of the Right Ventricle in Fetuses With 
Ductal Constriction: Studies Using the Doppler Tei Index 
Yoshikl Mori, Mary J. Rice, Robert W. McDonald, Suthep Wanitkun, Kenji Harada, David 
J. Sahn. Oregon Heaith Sciences University, Portland 
Background: We evaluated right ventricular (RV) and left ventricular (LV) function in 
fetuses with ductal constriction (DC) using the Doppler-derived Tei index. Fetal DC can 
cause RV dilation and depressed RV function. The Tei index measures the ratio of time 
spent in isovolumic contraction and relaxation compared to ejection time and achieves 
sensitivity to ventricular dysfunction by including systolic and diastolic parameters. 
Methods: We studied tricuspid inflow and RV outflow Doppler traces for derivation of RV 
Tei indices, and mitral inflow and LV outflow traces for LV Tei indices were measured in 78 
fetuses of pregnant women receiving indomethacin (IND) and 70 normal fetuses (gesta- 
tion& age, 20-39 weeks). 
Results: DC occurred in 23 of the IND fetuses (pulsatility index < 1.9). In fetuses with 
DC, RV isovolumic time was prolonged and RV ejection time was shortened compared 
with IND fetuses without DC and normal fetuses. The RV Tei index in fetuses with DC 
was sionificantly higher in fetuses with DC than in IND fetuses without DC and normal 
fetuses (0.74 + 0.14 vs 0.37 + 0.06 and 0.35 + 0.07, respectively; p<O.OOOl). The LV Tei 
index was unaffected by DC. Serial study in 7 fetuses with DC showed that the RV Tel 
index decreased from 0.69 & 0.12 to 0.43 rt 0.16 (p=O.O03) after discontinuation of IND 
coincident wth ductal relaxation (mean pulsatility index, 2.35), remaining elevated in 2 
fetuses after ductal relaxation had occurred. 
Conclusion: The Tei index is a useful and sensitive indicator for detection of abnormal 
systolic and diastolic RV function in fetuses with DC 
a regional wall motion abnormality on 2-D imaging) There was a strong correlation 
between regional longitudinal end-systolic strain of the basal RV free wall segment and 
the global ejection fraction with a correlation factor of r&91 (Figure). 
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Conclusion: In post-Senning patients with either normal or homogeneously reduced 
function (60% ejection fraction). regional longitudinal end-systolic strain values correlate 
well with RV global function indices assessed by MRI This new, simple, quantitative 
ultrasound approach could be clinical value in the bedside assessment of systemic RV 
function following a Senning operation. 
1048-198 Real Time 3-D Echocardiography Can Provide Data to 
Assist Fetal Diagnosis 
David J. Sahn, Rosemary A. Rusk, Katherine M. Mizelle, Mary J. Rice, Susan L. Martin. 
Oregon Health Sciences University, Portland 
Methods: We studied 27 normal and 8 abnormal fetuses (19.5-35 weeks EGA) with real 
time 3D echocardiography performed on a Volumetncs scanner (Durham, NC), with a 
3.5MHz planar anay transducer. Decreasing transmit power 25” provided improved axial 
resolution. For each fetus, four 32MB volume loops were acquired from the 1 or 2 best 
windows on the maternal abdomen. Examinations averaged 9 minutes. Volumes were 
then analyzed to derive diagnostic views. 
Results: In the normal group, we developed 4.chamber and LVOT views in all studies 
including atrial septum, ventricular septum, AV valves and proximal ascending aorta. An 
MPA/AO short axis view was obtained in all but 1 normal fetus. Results for defining the 
aortlc arch were not as good (64%). C-scan views were especially helpful for AD/PA 
LVOT anatomy, and AV valves. Ventricular images could be planimetered from apex to 
base to yield RV and LV volume estimates. For the 8 abnormal fetuses, 3 with TOF. 3 
with SV, and 2 with HLH, 24 to 28 wks EGA, all the key diagnostic features of the anat- 
omy could be resolved in views from the 3D data. Image quality was more related to fetal 
position and intervening spine, arms, etc., than to EGA. Off-line analysis on a worksta- 
tion yielded volume rendered dynamic 3D images of fetal heart anatomy, previously 
unavailable; and RV and LV volumes were computed in the normal fetuses. 
Conclusion: Real time 3D volume imaging of fetal hearts should provide rapidly 
acquired diagnostic quality imaging, especially when color Doppler imaging is imple- 
mented on higher frequency probes. 
1048-199 Persistent Ductal Constriction During Uterine Life and Left 
Ventricular Remodeling in Neonatal Rats by Maternally 
Administered lndomethacin 
Manatomo Toyono, Kenji Harada, Tomomi Orino, Masamichi Tamura, Kenji Yasuoka, 
Gore Takada. A!& University: Akita, Japan 
Background: lvlaternally administered indomethacin (IND) is known to cause ductal con- 
striction and right ventricular (RV) failure in fetus. Severe RV failure during uterine life 
induces an increased right-to-left shunt through the foramen wale, resulting in increased 
preload to the left ventricle (LV). Fetal LV has limited ability to adapt to increases in vol- 
ume load. However, there is no information about the effect of ductal constriction on peri- 
natal LV function. We examined the effects of ductal constriction on the LV in rats. 
Methods: IND (lOmg/kg) was administered to maternal rats on Zlst day of pregnancy. 
High frequency echocardiography was performed in the neonatal rats (n=18) immediately 
after birth LV maximum (LVDmax) and minimum (LVDmin) dimensions were measured 
by M-mode echocardiography. LV outflow velocity pattern by pulsed-Doppler was 
recorded to measure heart rate (HR), peak velocity (V) and flow velocity time integral 
(FVI). Rate-corrected mean velocity of circumferential fiber shortening (mVcfc) was used 
as an index of contractility. After echocardiography, morphology of ductus arteriosus and 
cardiac chamber was examined using the whole body freezing technique. Results were 
compared with values of controls (n=15). Results: Mean HR of IND-treated rats was sig- 
niflcantly higher than that of controls (+ll%, ~~0.05). LVDmax and LVDmin of the IND- 
rats were significantly larger than those of the controls (+21% and +51%, p<O 01). The 
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1004-201 Atrioventricular Valve Replacement in Patients With Single 
Ventricle 
William T .  Mahle, J W. Gaynor, Thomas L. Spray. Chiidrenb Hospital of Philadelphia. 
Philadelphia, PA 
Background. Significant atrioventricular valve (AV) insufficiency has been reported in up 
to 20% of pts with single ventricle While most pts can be managed with valvuloplasty 
alone, AV replacement (AVR) is occasionally required. The outcome and risk factors for 
AVR in this population have not been described. Methods. We retrospectively reviewed 
our experience with AVR in pts with single ventricle from 1184 to 8/00. Ventricular systolic 
function before and after AVR was assessed qualitatively by echocardiography. Results. 
There were 17 pts who underwent AVR at a median age of 3.0 yrs, range:7 days to 17.3 
yrs. Preoperative atrial arrhythmias were present in 7 p&(41%). The median pre-opera- 
tive ventricular end-diastolic pressure was 15.5 m m  Hg, range:7 to 20 mm.  Valve pros- 
theses included: St. Jude (14), Hallcaster (l), Bjork-Shiley (1). and Carpentier-Edwards 
(1). Valve size ranged from 21 to 33 mm.  Concomitant procedures included stage I (I), 
arterial-pulmonary shunt (l), modified Fontan (3), revision of Fontan (4), takedown of 
Fontan baffle (Z), and modified Cox procedure (2). Hospital mortality was 29%, however, 
there were no hospital deaths among the 8 pts undergoing AVR after 1993, p=.O3. Young 
age (i2yrs) was an additional risk factor for hospital mortality, p=.O3. Post-operative com- 
plete heart block (CHB) occurred in 7(41%). Echocardiographic assessment of hospital 
survivors with diminished preoperative shortening(n=7) showed improvement in 5(71%) 
Two pts had progressive ventricular dysfunction leadlng to death(n=l) and transplanta- 
tlon(n=l). Three additional late deaths occurred secondary to sudden death. infection 
and operative mortality at Fontan revision. At mean follow-up of 2.7 yrs, no pt has 
required replacement of the prosthetic valve or had subsequent CVA. Functional status is 
NYHA class I in 5, class II in 1 and class III in 1. Conclusion. AVR can be performed in 
pts with single ventricle with acceptable mortality, though younger patients are at 
increased risk. Post-operative CHB is not uncommon. Survival following AVR has 
improved in recent years and intervention before pts develop ventricular dysfunction and 
atnal arrhythmias may further improve outcome. 
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1004-202 Twenty-Three Year Follow-Up After the Arterial Switch for 
Transposition of the Great Arteries 
Paul A. Hut&r, Dieuwert)e L. Kreb, Suzan F Mantel, Francois J. Hitchcock, Ger B. W. E. 
Bennink, Erik J. Meijboom. Wilhelmina Children’s HospitaWUMC, Utrecht, The 
Netherlands 
Background: The arterial switch operation (ASO) is used to correct transposition of the 
great arteries (TGA) since 1976 and has replaced previous atrial palliation. This study 
examines the long-term (23 years) outcome of the ASO. 
Methods: Included in the study are 174 conecutive patients after AS0 from 1977-2000. 
Patients were evaluated for: functional class, pulmonary stenosis (PS), left ventricular 
function, arrhythmias, aortic sequellae and coronary pathology. 
Results: Over all peri-operative mortality was 14,9 %, which dropped to 2.1% in the last 
5 years. Of 148 survivors 2 (1,4%) died late, 1 (age 14) of pulmonary hypertension and 
1 (age 16) of ventricular fibrillation (VF) secundary to left coronary occlusion. 144 patients 
are in NYHA class I and 4 patients are in class II. The most frequently occurring compli- 
cation of the AS0 is pulmonary stenosis, requiring a total of 39 reinterventions in 25 
patients (16.9%). LV dysfunction was noted in 7 patients (4,7%). Clinically significant 
arrhythmias were seen in 4 patients (27%). Two patients with coronary pathology devel- 
oped VF, 1 died and 1 required a defibrillator implantation. One patient developed sick 
sinus syndrome and received a pacemaker.One patient has had a single attack of SVT. 
No or trivial aortic valve incompetence was encountered in 143 patients, 3 had mild. One 
patient with moderate showed gradual left ventricular dilatation and required aortic valve 
cusp-plasty. One with severe incompetence underwent a Ross procedure and later valve 
replacement. A varying degree of coronary sequellae was encountered in 5 of 58 
patients who had angiography. 
Conclusions: Long-term clinical outcome of the AS0 is good, p&operative mortality 
has dropped to acceptable levels and late mortality is minimal. Morbrdity is dominated by 
PS, some Al and coronary artery pathology. These data confirm the hypothesis that the 
AS0 is the preferable surgical technique over the atrial palliation in TGA. 
9:24 a.m. 
1004-203 Taussig-Bing Anomaly: Surgical Results of the Arterial 
Switch Operation in 37 Patients. 
Mark D. Rodefeld, Sam Suleman, Frank L. Hanley, V. Mohan Reddy. Universify of 
California San Francisco, San Francisco, CA 
Background: Surgical repair of Taussig-Bing anomaly (double outlet right ventricle with 
subpulmonic ventricular septal defect) has evolved toward earlier repair, with one-stage 
repair of associated aortic arch obstruction in selected patients. We retrospectrvely 
reviewed our surgical patterns and results with correction of Taussrg-Bing anomaly over 
the past 8 years. Methods: From August 1992 to August 2000, a total of 37 patients pre- 
sented for repair of Taussig-Bing anomaly. Age at operation ranged from 3 days to 12 
years (mean 167 days). Weight at operation ranged from 2.2 to 23 kilograms (mean 4.5 
kilograms). Aortic arch anomalies were present in 22 patients (59%). Arch anomalies 
consisted of interrupted aortic arch in 8, and coarctation with aortic arch hypoplasia in 14. 
All patients had an arterial switch operation with ventricular septal defect closure as the 
definitive repair, with repair of aortic obstruction as a staged or one-stage operation if 
indicated. Results: Only one patient had a palliative operation prior to definitive repair, 
this being an older patient who presented for late correction. In patients with arch 
obstruction, repair was performed as a one-stage procedure in 15 patients (68%). 
Staged repair with initial arch repair followed by arterial switch operation and ventricular 
septal defect closure was performed in 7 patients (32%). Overall survival is 78% with a 
mean follow-up period of 16 months. Early death occurred in 8 patients (22%). In 7 of the 
early death patients, the repair was a combined arterial switch operation with correction 
of aortic arch obstruction. There were no late deaths in the series. Conclusions: Taus- 
sig-Bing anomaly can be repaired in early infancy with good results, although this 
remains a high risk lesion. One-stage repair in patients with aortic arch obstruction 
should be considered in selected cases. Mortality risk is, in our experience, higher in this 
category. 
9:36 a.m. 
1004-204 First-Stage Palliation of Complex Univentricular Cardiac 
Anomalies in Older Infants 
Brian W. Duncan, S. Paul Hem&on, Thomas K. Jones, Geoffrey L. Rosenthal, Flavian M. 
Lupinetti. Children’s Hospital and Regional Medical Center, Seattie, WA 
Background: We determined the outcomes of children older than 30 days of age with 
single ventricle physiology and aortic atresia/aortic arch hypoplasia treated with first- 
stage palliation. Previously, poor outcomes have been reported for these patients. Meth- 
ods: Our institution has offered first-stage palliation for all such patients regardless of 
age. The results of this policy were reviewed. Reilts: Eight patients more than 30 days 
old with diagnoses of hypoplastic left heart syndrome (4) double outlet right ventricle 
with transposition of the great arteries and hypoplastic aortic arch (2) or unbalanced atri- 
oventricular septal defect (2) underwent surgical palliation. Ages were 42-108 days 
(mean 80 days) and weight 3.4-5.0 kg (mean 4.0 kg). Reasons for late operation were 
delayed diagnosis (5) or delayed consent for operation (3). Patients underwent a Nor- 
wood (6) or Damus-Kaye-Stansel (2) procedure. Each patient received a 5 m m  modified 
Blalock-Taussig shunt. This large shunt was selected because of concern that late pre- 
sentation would be associated with higher pulmonary vascular resistance. All patients 
survived the operation and were discharged 12-34 days after operation. One patient with 
double outlet right ventrtcle has undergone a two-ventricle repair, while seven patients 
have undergone a subsequent bi-directional Glenn. After receiving a bi-directional Glenn. 
there were two perioperative deaths (both due to pneumonia) and five survivors. Two of 
these surviving patients have undergone successful Fontan reconstruction and three are 
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awaiting Fontan Conclusion: Surgical palliation for univentricular cardiac malformations 
with aortic atresialaortic arch hypoplasia can be performed in older infants with results 
comparable to those in neonates. The use of a 5 m m  shunt may contribute to these 
improved outcomes. 
9:48 a.m. 
1004-205 Prognostic Factors Associated With Optimal Surgical 
Outcome After Valve Replacement for Aortic Insufficiency 
in Children 
Suzie Lee, Kyong-Jin Lee, Brian W. McCrindle. The Hospital for Sick Children, Toronto, 
ON, Canada 
Background: Optimal timing of aortic valve replacement (AVR) in children with aortic 
insufficiency (Al) is balanced toward delaying to allow maximal growth while preserving 
ventricular function. Changes in echocardiographic parameters after AVR have not been 
optimally defined. Methods: Retrospective medical record and echo review of patients 
who have had AVR for predominant Al. Results: n=34 patients who underwent AVR from 
1990 to 1998 at a mean age of 10.6 (SD 5.7) years were Included. AVR type included 
pulmonary autograft rn 14, aortic valve homograft in 10, and mechanical valve in 10 pts 
(St. Jude in 7, Carbomedics in 3). There were 3 immediate and 1 late death; these pts 
were excluded from further analysis. Differences from pre-AVR to follow-up (F/U) echo’s 
and factors associated with follow-up echo parameters were sought. Mean pre-AVR peak 
instantaneous echo gradient was 47 (24) m m  Hg and mean ratio of the Al jet to aortic 
annulus was 0.46 (0.22). Impaired LV values were defined and noted as follows: ejection 
fraction (EF) <55%, n=5, or >75%, n=lO; shortening fraction (SF) <28%, n=3, ~44% 
n=8; LV end-diastolrc diameter (LVED) >95%ile for age, n=24; end-systolic volume 
indexed (ESVI) 255 mllm2; n=7; and LV mass >95%ile for height, 1x23 Mean interval of 
F/U echo after AVR was 2.5 (2.3) years. Multiple general linear regression was used to 
determine the independent effect of age at AVR, interval to F/U echo, type of AVR and 
pre-AVR echo values on F/U values. There was a significant decrease in EF (p=.Ol) and 
SF (p=.OO8), and lower F/U EF was significantly related to lower pre-AVR EF (p=.O4) and 
non-pulmonary autograft reparr type (p=.O4), with lower F/U SF only related to repair type 
(p=.O4). LVED decreased (p<.OOl), and lower F/U LVED was significantly related only to 
lower pre-AVR LVED. ESVI (p=.OO4) decreased, and there were no significant factors 
related to F/U ESVI. LV mass decreased (p=.OOi), and lower F/U LV mass was signifi- 
cantly related only to lower pre-AVR LV mass (~~002). Conclusions: After AVR, 
impaired LV factors normalize, with the degree of normalization dependent on the degree 
of abnormalities pre-AVR. Only F/U EF and SF were related to AVR type. 
IO:00 a.m. 
1004-206 Growth of the Neo-Aorta After the Arterial Switch Operation 
Paul A. Hut&r, Patricia Jansen, Bastiaan J. M. Thomeer, Ger B. W. E. Bennink, Francois 
Hitchcock, Erik .I. Meijboom. Wilheimina Children’s Hospifal, University Medical Center, 
Ufrecht, The Netherlands 
Study background: Concerns have been voiced about possible dilatation and insuffi- 
ciency of the neo-aortic valve after the arterial switch operation (ASO). 
Aim of the study: To determine growth of the neo-aortic valve and the aortic anastomo- 
sis after AS0 and the prevalence of insufficiency or stenosis. 
Patients and methods: Since 1977, 144 consecutive pts underwent AS0 for transposi- 
tion of the great arteries (TGA). Median follow-up was 8.12 years (0.05.2i years). 97 
patients had simple TGA, 47 pts had TGA with ventricular septal defect (VSD). Patients 
had detailed echocardiography at every follow-up visit including measurements of aortic 
diameter at 4 levels. The resulting 607 measurements were compared with published 
normal values. 
Results: The median aortic valve z-score over the study period was 1.5 i2.5. Under 1 
year mean valve diameter was 1 imm f 3.1 (z-score 1.7 r2.8), over 10 year 22mm r4.7 
(z-score 1.2 t2.2). Patients with VSD remarned above patients without VSD at all times 
(p=O.O2). The ratio between the diameter of the aorta at the sinus and at the valve was 
1.3 ~0.2 at all ages. The ratio awstomosis / valve increased from 0.86 kO.19 under 1 
year, to 1.04 +0.25 above 10 (not significant). At the last visit, the aortic valve z-scare 
was above 2 in 49 pts, between -2 and 2 in 72 and less than -2 in 8 patients, of whom 
only 1 had a flow velocity above 2 m/s. 
Aortic insufficiency was absent or trivial in 138, grade 214 in 4 and grade 314 in 1. One pt 
required valve replacement for grade 414 insufficiency believed to be secundary to LV 
drlatation. Patients with no or trivial aortic insufficiency had valve z-scores of 1.5 22.5, 
with insufficiency grade 214 or above the z-score was 3.8 + 2.9 (p=O.O3). 
No patient developed aortic stenosis leading to LV hypertrophy on EGG or echo. Aortic 
flow velocity was less than 2 m/s in 127 pts, 2-3 m/s in 8 pts and 2 pts had velocities of 
3.1 and 3.2 m/s respectively. 
Conclusion: After AS0 the aortic valve and root grow normally. lnrtially the valve is 
larger than normal, with a trend towards the normal mean, more pronounced in patients 
with a VSD. Aortic valve dilatatron leading to msufficiency occurs infrequently. Stenosis of 
the anastomosis is rare. 
IO:12 a.m. 
1004-207 Pulmonary Endothelial Dysfunction (PED) After 
Cardiopulmonary Bypass in Infants: Impact on 
Postoperative Recouery 
Ingram Schulze-Neick, Jia Li, Lara Shekerdemian, Daniel J. Penny, Andrew N. 
Redington. Great Ormond Street Hospital for Children, London, United Kingdom 
Background: Ouvert or subclinical pulmonary endothelial dysfunction (PED) is demon- 
strable in most children after congenital heart surgery. We aimed to define the clinical 
impact of PED on postoperative recovery in infants after repair of ventricular or atrioven- 
tricular septal defect with cardiopulmonary bypass (CPB). Methods: Pulmonary vascular 
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resistance (PVRI) was measured in 15 infants (age, median 0.31 years. weighi, median 
5.1 kg) in the immediate postoperative period using respiratory mass spectromeiry dur- 
ing the following study protocol to evaluate PED: ventilation wiih high FiO2 with sequen- 
dial addition of infused L-arglnine (L-Arg) and Substance P (Sub P), and inhaled nitric 
oxide (inhN0). Duration of mechanical ventilation was defined from the end of CPB to 
successful extubation. Results: PVRI at baselwe was 11.755.6 WU*mZ and fell to 
6.1r3.5 WU’m2 The veniilatory time was 0 86 14.9 days (median 1.75 days). The 
patient group with ventilation > 2 days (n=6) had significantly higher PVRI at all stages of 
the study protocol (see Figure), as compared with those ventilated < 2 days. Further- 
more, there was a linear relationship between ventilatory time and lowest achieved PVRI 
(r2 =0.59, ~~0.05) and PVR after Substance P (r2 ~0.64, p<O 01). Conclusion: PED, 
either directly or as a surrogate for the global intraoperatwe insult. delays recovery after 
CPB surgery in infants 
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1004-208 Transesophageal Doppler Echocarcliographic Evaluation of 
Coronary Blood Flow in Patients Undergoing Congenital 
Heart Surgery With Cardiopulmonary Bypass 
Carlos F. Luna, Winfield J. Wells. Vaughn A. Starnes, Pierre C. Wang. Childrens Hospital 
Los Angebs, Los Angeies, CA 
Background: Following cardiopulmonary bypass (CPB), coronary blood flow (CBF) 
increases both in animal models and in adult patients undergoing cardiac surgery (CS). 
We sought to determine whether such changes occur in pediatric patients. Methods: 
Transesophageal echocardiography (TEE) was performed pre and post CPB in 53 
patients (median age 0.5 yr) undergoing congenital CS. Pulsed Doppler was obtained 
from the left (n=47) and right (n=6) coronary arteries. Velocity time integral (VTI) was 
measured from the Doppler tracing, and nel aniegrade VTI (antegrade-retrograde) calcu- 
lated. In 30 pts, pre and poslop coronary artery diameters were measurable, allowing 
,calculation of CBF. In 22 pts, prelpostop coronary 02 delivery could be calculated. 
Results: After CPB, net antegrade VTI and CBF increased by 79.2% and 84.6% (both 
p<, 0001). Mean hematocrit and 02 content decreased by 29.8% and 20.6% (ps. 0001): 
nonetheless, coronary 02 delivery increased by 77.9% (p<. 001). Multivariate analysis 
showed no correlation between other operative variables (pl diagnosis, time on CPB and 
circulaiory arrest time, inotroplc support, blood pressure) and magnitude of change in 
VTI, CBF or 02 delivery. Conclusions: There is significant myocardial hyperemia follow- 
ing congenital CS with CPB. The increased CBF mainiains or even increases post-CPB 
myocardial 02 delivery, despite significant hemodilutlon and decreased 02 content. 
Preoperative Postoperative p value 
Hematocrit (%) 37.2 SD 5.6 26.1 SD 3.8 <0.0001 
02 content (mlidl) 15 3 SD 2.5 12.1 SD 1.3 <0.0001 
Mean blood pressure (mm Hg) 58.2 SD 15 50.9 SD 11.9 0.0095 
Net antegrade VTI 6.73 SD 3.4 12.2 SD 5.4 co.ooo1 
Net antegrade CBF (ml/ml”) 14.0 SD 18 33.0 SD 33 co.ooo1 
Net 02 delivery (,l/min) 2.53 SD 3.8 4.5 SD 5 <O.OOl 
lo:36 a.m 
1004-209 Myocardial Cell Damage After Repair of Congenital Heart 
Disease: Impact of Troponin I Release on Early Clinical 
Outcomes 
Hajame Imura, Massimo Cap&, Paul Modi, Andrew Parry, Ash Pawade, Saadeh 
Suleiman, Gianni Angelini. Bristol Heart Insfifufe. Brisfol, United Kingdom 
Background. Perioperative myocardial injury is a major determinant of postoperative 
cardiac dysfunction for congenital heart disease. We sought to determine whether the 
degree of myocardial cell injury is associated with worse early clinical outcomes and 
whether pathology-related differences could be identified. 
Methods. Ninety-two consecutive patlents undergoing repair of ASD (n=17), VSD 
(n=26), telralogy of Fallot (TOF, n=27) or iranspositian of the great arteries (TGA, “~22) 
were prospectively recruited between June 1998 and January 2000. Blood samples were 
collected before, 4. 12. 24 and 48 hours postoperatively for troponln-l (Tnl) measure- 
ments. The concentrations were correlak?d with intraoperative (cardiopulmonary bypass 
time, aortic cross-clamp time), and postoperative parameters (inotropic support, duration 
of intubation, intensive care and hospital stay). 
Results. There wet’e no deaths inthe four groups. Postoperative peak Tnl release and 
clinical Outcomes for individual procedure groups are shown in the Table. Each parhology 
showed positive correlat!on between aortic cross-clamp time (ACT) and peak Tnl (I= 0.59 
to 0.73, pc 0.05). Duration of inotropic and ventilation supporl and ICU stay in the VSD 
and TGA groups were strongly correlated with postoperative Tnl levels, whereas in the 
ASD and TOF groups no significant relationships were noted. Preoperative arterial oxy- 
gen saturation and the degree of riglIt ventricular outflow tract Incision were ihe most sig- 
nificant influencing factors on early clinical outcomes in the TOF group. 
Conclusion. Postoperatwe Tnl release is associated with worse early clinical outcomes 
after VSD and TGA repaIr, whereas the degree of cyanosis and the extent of right ven- 
tricular outflow tract incision are the most important factors related to the difflcuitv of post- 
operative recovery after TOF repair. 
ASD VSD TOF TGA 
Age (months) 65.5i;9.3 26.946 22.324.8 0.7+0.3 
ACT (ml”) 17.9r 2.3 34.1*3.6 36.5i3.4 58.0+2.6 
Peak Tnl [ngiml] 1.6*0.2 4.0*0.5 6.4~0.7 4.3t0.6 
lnotropic duration (hrs) 5.110.3 48.8~11.8 55.4i11.1 56.4t5.9 
Ventilation time (hrs) 3.7k1.5 36.9i-9.1 44.3k10.5 53 3r7.2 
ICU stay (days) 1.8r0.2 3.7+0.6 4.5kO.8 4.1*0.4 
1004-210 
IO:48 a.m. 
Perfusion-Contractility Relationship in the Face of Elevated 
Coronary Venous Pressure in an Experimental Model of 
Fontan Circulation 
Gabor Szabo, Andy Graf, Volker Buhmann, Susanne BBhrle, Christian F Vahl, Siegfried 
Hagl. University of Heidelberg, Heidelberg, Germany 
Background: Increased right arterial (RAP) and subsequently coronary venous pres- 
sure after Fontan operation may alter coronary perfusion and cause left ventricular dys- 
function. Methods: The matching between coronary perfusion pressure (CPP) and 
myocardial contractility and the influence of an elevated RAP were investigated in a 
canine model of Fontan circulation using cavopulmonary bypass and pressure-controlled 
perfused coronary arteries (n=6) Left ventricular hemodynamic variables were mea- 
sured by a pressure-volume conduclance cathefer, the slope of the end-systolic pres- 
sure-volume relationship (Ees) was calculated. First, Ees was assessed under normal 
conditions and under Fontan circulation at a CPP decreased stepwise from 240 to 45 
mmHg Then, Ees was assessed at CPP=60, 75 and 100 mmHg with a stepwise 
increase of RAP from 3 to 21 mmHg. Results: The relationship between CPP and Ees 
could be described by biphasic J-shaped cur”es which were nearly identical in normal 
hearts and under Fontan circulation. While above a critical CPP (72?9 mmHg vs. 81*8 
mmHg, n.s.) the changes of CPP did not affect Ees, below this level a further decrease of 
CPP resulted in a progressive decrease of Ees. The progressive increase of RAP did not 
influence Ees at CPP=lOO mmHg, led to a moderate decrease of Ees at CPP=75 mmHg 
and a severe decrease at CPP=60 mlnHg (see Fig., *p<O.O5). Conclusions: Fontan cir- 
culatlon per se does not Impair the perfusion-contractility relationship and increased RAP 
does not necessarily impair left ventricular contractility. However, at a lower CPP with net 
perfusion pressure (CPP-RAP) below the crltical CPP, an increase of RAP results in a 
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1082-195 Reversibility of Cerebral Hypoperfusion With Volume 
Expansion During Tilting in Neurocardiogenic Syncope 
Juan Villafane, Jr., Harvey Edmonds. University of Louisville School of Medicine, 
Louisville, KY 
This study assesed the effects of orthostatic stress on cerebral blood flow during tilt table 
testing before and after saline infusion(NSS). The beneficial effects of sodium chloride in 
syncopal patients is attributed to volume expansion; however, the effect on cerebral per- 
fusion in the pediatric population has not been established. Methods: Perfusion through 
the middle cerebral artery was assesed by using transcranial doppler ultrasound. Systolic 
(s) , diastolic (d) brain flow velocities (BFV) and Pourcelot’s resistance index (RI.) were 
determined before and after NSS. Study Groups: Subjects with history of syncopal 
symptoms were tilted at 70 degrees for 15 minutes or less, if symptomatic. Seven sub- 
jects (age m=13sd2yrs)became symptomatic before isoproterenol infusion(lSO),group A. 
Six subjects (age m=14sd4yrs)developed symptoms while on ISO,group B. Six others 
(age m=13sd5yrs)did not develop any symptomsgroup C. After NSS,lSml/kg over 
ZOmins, the subjects were returned upright for 15 mins. STATISTICS: ANOVA followed by 
Student-Newman-Keuls Test. Results: see Table I. 
Table 1 
GROUP A GROUP B GROUP C 
n 7 6 6’ 
ISOPROTERENOL NO YES YES 
SYNCOPE (pre-NSS) YES YES NO 
sBFV (cm/s) BASELINE 92 sd 34 # 84 sd 20 125 sd 31 $ 
TILT 60 sd 35 65 sd 31 103sd33 
NSS 77 sd 23 77 sd 30 88 sd 7 
dBFV BASELINE 55 sd 23 # 42sd14# 68 sd 26 
TILT 6 sd 8 11 sd7 60 sd 32 * 
NSS 42sd14O 47 sd 17 Q 45sd19 
R.I. BASELINE .42 sd .07 # .50 sd .06 # .46 sd .12 
TILT .QO ad .09 32 sd .15 .42sd.18* 
NSS .46 sd .06 @ .38 sd .07 0 50 sd 20 
p VALUES-. BElWEEN GROUP: * p<.OOl : WITHIN GROUP: #(B vs T)<.O5, Q(T “s 
S)<.OOl, $(B vs S)<.O5 ; 
Conclusions: Only symptomatic subjects had a drop in dBFV and a concomittant 
increase in R.I. during tilting. Saline administration reversed the sharp drop in dBFV 
experienced only by symptomatic subjects. Increasing intravascular volume reversed 
abnormal R.I. back to baseline levels in the 2 groups of symptomatic subjects. This ben- 
eficial effect on cerebral perfusion may help explain tihy tilted subjects did not develop 
any symptoms after NSS. 
1082-196 Initial Experience With a Bipolar High Impedance Steroid 
Eluting Epicardial Electrode in Patients Following Cardiac 
Surgery 
Gerald A. Serwer, Peter S. Fischbach, David J. Bradley, Sarah S. Leroy, Kristen A. 
George, Macdonald Dick, II. University of Michigan Congenital Heart Center, Ann Arbor, 
MI 
Background: Epicardial pacing has to now required use of unipolar electrodes with large 
surface areas. These characteristics contribute to far field sensing by atrial electrodes, 
extracardiac sensing, and low impedance resulting in high current flow and decreased 
generator longevity. A recently introduced bipolar steroid eluting epicardial electrode 
(Medtronic 4968) potentially decreases far field sensing and extracardiac sensing while 
possessing high impedance due to a low cathodal surface area of 6.0 mrr?. Yet actual 
implant characteristics and chronic performance in patients s/p cardiac surgery have not 
been reported. 
Methods: Since 12199 23 electrodes -12 atrial (A) (7 sip Fontan) and 11 ventricular(V) - 
have been implanted in 13 patients, ages I to 28 years, all s/p cardiac surgery. At 
implant, impedance and voltage thresholds (in volts) were measured at 0.5 ms pulse 
width. Post implant, impedance and pulse width thresholds (in ms) were measured at 2.5 
volts amplitude at 1 day, 1 week, 1-3 months, and 6 months. 
Results: Implant thresholds were 2.04?1 .i 1 (mean&D) volts for the A and 1.72f 0.69 
volts for the V. Both values were higher than reported for prior unipolar electrodes. 
Impedances were also higher than for prior electrodes (A=742+220 4 V=997i407 0). 
Maximal impedances were 1,359 a in the A and 1,815 D in the V. Follow-up is 104 
patient months. By 1 day pulse width thresholds were all 40.20 ms, A=O.lOiO.lO ma 
V=O.O6~0.10 ms. Impedances had decreased to A=713+252 0, V= 977i352 R. Far field 
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R wave amplitudes from all atria electrodes was < 0.3 rnv. Thresholds and impedances 
remained unchanged at all subsequent times post implant. Electrode failure due to insu- 
lation fracture occurred in 1 at 4 months. 
Conclusions: While implant voltage thresholds are high, pulse width thresholds are low 
by 1 day and remain low. Implant thresholds up to 3.3 volts resulted in low pulse width 
thresholds by 1 day. Impedances decrease post implant but remain higher than for unipo- 
lar electrodes resulting in lower current flow and potentially increased generator longev- 
ity. These electrodes can be implanted successfully in patients s/p cardiac surgery and 
offer significant advantages over prior epicardial electrodes. 
1082197 Right-Sided Maze Procedure for Atrial Tachyarrhythmias 
Kevin L. Greason, Gordon K. Danielson, Carole A. Warnes, Co-burn J. Porter. Mayo 
Clinic, Rochester. MN 
Background. Atrial tachyarrhythmias, especially atria fibrillation and flutter, are com- 
monly associated with congenital and acquired cardiac anomalies that cause right atrial 
dilatation. Preliminary results indicate the right-sided maze procedure is effective in 
reducing atrial tachyarrhythmias when combined with cardiac repairs in patients having 
right atrial dilatation. It is unknown if these results are durable. 
Methods. We retrospectively reviewed the records of all patients who had a right-sided 
maze procedure for atrial tachyarrhythmias on one surgical service between 1995 and 
October 1, 1999. 
Results. Forty-four patients underwent a right-sided maze procedure during the course 
of repair of other cardiac lesions. Patient ages ranged from 9 to 72 years (mean, 40 
years). The tachyarrhythmias were paroxysmal in 32 (73%) and chronic in 12 (27%). 
Cardiac pathology included Ebstein’s anomaly (n=31, 70%) isolated atrial septal defect 
(n=4, 9%) non-Ebstein congenital tricuspid insufficiency (n=2, 5%), traumatic tricuspid 
insufficiency (n=Z, 5%) and other lesions (n=5, 11%). There was one early death from 
ventricular arrhythmia. Morbidity included permanent pacemaker for tachylbrady arrhyth- 
mia (n=l) and reoperation for delayed tamponade (n=l). Discharge rhythm was sinus 
(n=33, 77%) junctional (n=5, 12%) atrial fibrillation (n=4, 9%), or atrial flutter (“=I, 2%). 
Rhythm follow-up was complete in 34 patients (79%) and ranged from 1 to 66 months 
(mean, 17 months). Follow-up rhythm was sinus (n=29, 85%) junctional (n=2, 6%) atrial 
fibrillation (r-1=1, 3%) atrial tachycardia (n=l, 3%), or paced (n=i, 3%). There were no 
late deaths or reoperations. 
Conclusion. The inclusion of a right-sided maze procedure with repair of cardiac anom- 
alies that cause right atrial dilatation and associated atrial tachyarrhythmias is effective 
and durable in eliminating most of those arrhytiimias at mid-term follow-up. 
1082-198 3-D Distribution of Bipolar Atrial Electrogram Voltages in 
Patients With Surgical Corrected Congenital Heart Disease 
Natasja M. S. de Groat, Nice A. Blom, Martin J. Schalij. L&den University Medical 
Center, Leiden, The Netherlands 
Backgmund:Voltage differences might be used to distinguish normal atrial tissue from 
abnormal atria.1 tissue. This study was aimed at identifying lowest voltage areas in 
patients with atrial tachycardias after surgical correction of congenital heart disease and 
to evaluate whether this facilitated selection of critical conduction pathways in reentrant 
circuits as target sites for radiofrequency catheter ablation (RFCA). 
Methods: Ten patients (4 male,39115 yr) with atrio-ventricular reciprocating tachycardia 
and normal hearts (control group) and 10 patients (5 male, 3217 yr) with congenital heart 
disease and post-operative atrial tachycardia (study group) referred for RFCA were stud- 
ied. Mapping and ablation were guided by a 3-D electro-anatomical mapping system 
(CARTO). In the control group, voltage maps were constructed during both sinus rhythm 
and tachycardia to evaluate the voltage distribution. Voltage distribution histograms were 
then used to identify scar tissue in the study group.Scar tissue areas were identified with 
voltage maps and represented by a gray color. Propagation maps were then used to 
select critical conduction pathways as potential target sites for ablation. 
Results: In the control group, the amplitude of bipolar signals was 1.90~1.45 mV ( 
n=660, 0.11-8.12 mV) during sinus rhythm and 1.45r1.66 mV (n=440, 0.12-5.83 NIV) 
during tachycardia. In the study group, the amplitude during tachycardia was l.Oi+l.lQ 
mV (n=1962, 0.04-9.40 mV) which differed significantly from the control group 
(p=O.OOOl). As the lowest value in the control group was 0.1 mV, this value was used as 
the cutoff for the lowest voltage areas (defined as scar tissue) in the study group. In the 
study group, target sites for catheter ablation were characterized by fragmented signals 
in all patients. Ablation terminated the tachycardia in 80% During follow-up (12~3 
months), no recurrences were observed. 
Conclusion: Identification of the lowest voltage areas in patients with congenital heart 
disease and post-operative atrial reentrant tachycardia facilitates the selection of critical 
conduction pathways as target sites for ablation. 
1082-199 Quantitive Assessment of Ventricular Volume, Mass, and 
Flow With Cardiac Magnetic Resonance Imaging in Adults 
With Repaired Tetralogy of Fallot. Relationship With 
Electrocardiographic Predictors of Sustained Ventricular 
Tachycardia and Sudden Death 
Periklis A. Davlouros, Phillip Kilner, T im S. Hornung, Jane Francis, Michael A. Gatzoulis. 
Royal Brompton Hospital, London, United Kingdom 
Background: QRS prolongation predicts sustained ventricular tachycardia and sudden 
death, the most devastating complications late after Tetralogy of Fallot (TOF) repair. We 
examined the precise relationship of chronic pulmonary regurgitdion,venfricular volume. 
mass and function with QRS duration in adults with repaired TOF 
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Methods: We used a Picker Edge 1.5T Cardiac Magnetic Resonance scanner to acquire 
12-14 configuous 1 cm c!ne slices of both ventricles for measurements of biventricular 
volume, mass and function. Outflow curves and regurgitant fractions were measured by 
phase velocity mapping of flows. QRS was measured manually from standard ECGs. 
Measurments were indexed to body swface area (m*). 
Results: Thus far we studied 25 adults with repaired Tetralogy (mean age 31+10 years, 
mean time since repair 2325 years). Results are presented in the table below: 
Comparison of Right and Left Ventricular CMR indexes 
Ejection Stroke “olume End DlaStollC 
index(mlim2)* 
End systolic Mass index 
Fractio”f%,- Voiume index “olwne l”de?X (gh?)’ 
(ml/m2)’ (mllm2) 
mgtlt Ventricle 53& 65*17 124~32 SO&O m+12 
Lefi “entilcle 6915 54112 79*19 24r9 m*30 
p-“&E 40 0001 0.01, all 0001 co 0001 <0.0001 
Spearman Correlation of CMR indexes and QRS duration 
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RV: Right Ventricle, (-mean + SD) 
Mean pulmonary regurgitant fraction was 22.8+-17% (range O%-51%). The RV Stroke 
Volume index was significantly higher than that of the left ventricle due to pulmonary 
regurgitation. There was no correlation between QRS duration and left ventricular volume 
or mass suggesting that QRS prolongation reflects solely RV changes. 
Conclusions: Pulmonary regurgitation induces changes in RV volume and mass, which 
in turn lead to QRS prolongation and increased propensity to malignant arrhythmias and 
sudden death. Cardiac Magnetic Resonance imaging unravels the mechanism of arrhyth- 
mogenesis and supports the mechano-electric theory late after repair of TOE 
1082-200 The Association of Ventricular Septal Defect and Dilated 
Aortic Root 
James W. L. Yip, Lieng H. Ling, Swee C. Quek, May L. Wang, Yean T .  Lim. National 
Univers;ty Hospital, Singapore, Singapore 
Background: The association of ventricular septal defect (VSD) with aortic root dilata- 
tion is not well studied. Methods: We compared 71 pts with VSD (mean age 29tll yrs. 
range 14-68 yrs, 59% males) to 71 normal controls matched for age, sex and BSA. 
Cases of sinus of Valsalva aneurysm were excluded. Diameters of the aortic annulus 
(AoA), sinus (AoS). s&tubular junction (STJ) and proximal ascending aorta (PAo)were 
measured and indexed for BSA. Results: VSD locations were inflow in 9 pts (13%). 
membranous in 3.9 (55%), outflow in 21 (30%) and trabecular in 2 (3%). Any degree of 
aoitic regurgitation (AR) was present in 18 pts (25%, 14 mild, 3 moderate and 1 severe) 
and mitral valve prolapse (MVP) in 18 (25%). AoS and STJ dimensions were significantly 
larger in VSD pts compared to normals. AoA. AoS, STJ and PAo diameters exceeded 
>95th percentile of normal controls in 20%, 32%, 25% and 21% of VSD pts, respectively. 
in univariate analysis, female gender (PcO.03) was associated with dilated AoA and AoS 
and the presence of moderate/severe AR with dilated AoS (P~0.03). Increasing age was 
ass&ted with dilated AoS and PAo (P&04). Aortic root dilatation was unrelated to VSD 
location. presence of MVP or mean blood pressure (BP). In multivariate logistic regres- 
sion modelling, only female gender (P=O.Ol) was independently associated with dilated 
AoA and age (P=O.O3) with dilated PAa. Conclusions: Aortic root dilatation is present in 
a significant proportion of pts with VSD. This association seems to be independent of 
VSD location, severity of AR and BP. 
Aortic root measurements in normal and vSD pts 
Normal (n=71) VSD (n=71) P value 
AoA cm/m2 1.21+0.12 1.2420.24 0.36 
AoS cm/m2 1.68t0.17 1.87~0.32 co.ooo1 
STJ cm/m2 1.29tO.36 1.49&0.28 0.0037 
PAo cm/m2 1.24+0.52 1.51*0.3 0.07 
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1114-l 95 Minimally invasive Atrial Septal Defect Repair in Adults 
Aubrey C. Galloway, Angelo LaPietra, Eugene A. Grossi, Gregory F. Baumann, Costas S. 
Bizekis, Patricia Ursomanno, Greg Ribakove, Stephen 6. Calvin. NYU School of 
Medicine, NY, NY 
Background: Surgical repair of atrial septal defects in adult patients has been tradition- 
ally performed through a median sternotomy. Over the past three years an alternative 
technique (port-access), using catheter based balloon occlusion of the aorta and expo- 
sure of the right atrium via right mini-thoracotomy, has been employed at our institution. 
Methods: Between 5197 and 5100, 41 consecutive patients underwent minimally invasive 
closure of an atrial septal defect. The mean age was 40.3 yrs. (range 18 to 66). All 
patients had a right mini-thoracotomy incision, with femoral vein and drect superior vena 
cava venous cannulation and either peripheral or central aortic arterial cannulation. 
Flesults: All of the cases were completed with the minimally invasive approach, with 
endovascular aortic occlusion used in 75.6% of the patients, direct aortic cross-clamping 
III 9.8%, and hypothermic fibrillation in 14.6%. The mean aortic cross-clamp time was 
30.8i18.1 minutes and the mean cardiopulmonary bypass time was 64.8+27.1 minutes. 
There were no operative or perioperative deaths. Perioperative complications included 
0% strokes, 0% vascular injuries, 0% wound Infections, 9.8% transient atrial fibrillation, 
and 9.8% atelectasis. The median hospital stay was 3 days. At follow-up, all patients 
were alive without re-operation. Follow-up echocardiography revealed no residual atria 
septal defects. Conclusion: Atrial septal defect repair in adults can be safely and effec- 
tively accomplished using a minimally mvasive mini-thoracotomy incision. This approach 
confers no increased risk, and may lower the risk of wound infection and shorten overall 
recovery time. 
1114-196 Transcatheter Therapy for Adults With Congenital Heart 
Defects: Experience From a Single Center 
Jennifer M. Rutledge, Ronald G. Grifka, Michael A. Nihill, Charles E. Mullins, Julie A. 
Vrxent. Texas Children’s Hospifal, Baylor College of Medicine, Houston, TX 
Background: With improved treatment and management of patients (pts) born with con- 
genital heart defects (CHD), an increasing number of adult ptS with CHD are referred for 
transcatheter therapies (TT).  Little data is available regarding results of ST performed on 
these pts. We report our experience involving lT performed on adult pts with CHD. Meth- 
ods: We performed a retrospective analysis of all pts r 18 yrs of age who underwent car- 
diac catheterization (cath) at our institution from 5184 6100. Clinical, hemodynamic, and 
angiographic data were reviewed for all T T  to assess type, frequency, immediate out- 
come (success) and complications of procedures performed. T T  were divided into 7 cat- 
egories: balloon valvuloplasty (BV); balloon angioplasty (BA); stent implantation (SI): 
stent redilation (SR); coil occlusion (CO); device occlusion (DO) and bladeiballoon sep- 
tostomy (BBAS). Success for BV, BA, SI and SR was defined as z 50% reduction in right 
ventricle to femoral artery pressure ratio, >50% reduction in systolic pressure gradient, or 
> 50% increase in minimal diameter of stenosis; for aortic BV and coarctation BA a final 
systolic gradient < 20 mmHg; for CO and DO complete occlusion at 24 hours; and for 
BBAS creation of an adequate atrlal septal defect. Results: A total of 818 caths were 
performed of which 343 (42%) were diagnostic, 233 (28%) electrophysiology related and 
242 (30%) T T .  Of the X, a total of 323 procedures were performed in 204 pts (86 males/ 
118 females; median age 29 years). Tr  were successful in 247/323 (76%) cases includ- 
ing 14/25 BV, 32/50 BA, 104/116 SI, 21/32 SR, 28139 CO, 32145 DO, and 16/16 BBAS. 
Complications occurred in 23 (7.1%) procedures including: arrhythmia (6), device migra- 
tion (3), vessel injury/aneurysm (8), neurologic event (3) and miscellaneous (3). There 
were 3 cath-related deaths (0.9%) and 5 pts (1.5%) that required surgery as a result of a 
complication. Conclusion: Transcatheter therapies offer a safe and effective treatment 
option in adult pts with CHD. Further technical advances in lT may improve outcome 
quality of life and reduce the need for re-intervention in this pt population. Long-term fol- 
low-up studies are ongoing. 
1114-197 Outcome of the Adult who Presents With Unoperated 
Congenitally Corrected Transposition of the Great Arteries 
Luc M. Beauchesne, Car& A. Warnes, Heidi M. Connolly, Naser M. Ammash, A Jamil 
Tajik, Gordon K. Danielson. Mayo Clinic, Rochester, MN 
Background: Congenitally corrected transposition of the great arteries (I-TGA) has a 
wide morphologic and clinical spectrum. We characterized a subset of unoperated adult 
patients (pt) with I-TGA. Methods: We searched our database for all I-TGA pt >18yr with 
two good-sized ventricles and no prior cardiac surgery. Results: We identified 43 pt (22 
F, 21M, median age 44 yr. range 20-79). Mean follow-up was 35 mos (range: 1 week to 
144 mos). The diagnosis of I-TGA was made at age >I8 yr in 27. Presenbng symptoms 
were dyspnea in 19, palpitations in 8, fatigue in 7, pre-syncope in 2; 7 pt were asymptom- 
atrc. No pi was cyanosed. Associated lesions in 16 pt included: 13 with pulmonic steno- 
sis, 9 with ventricular septal defect (VSD) and 7 had dextrocardia. Grade >2/4 systemic 
atrioventricular (S-AV) valve regurgitation was noted in 24 pt. AV block was noted in 13 
pt; 6 had permanent pacemaker (PPM). The Ability Index at presentation was 1 in 11 pi 
(26%), 2 in 21(50%), 3 in 9(21%) and 4 in 1 (2%). The mean exercise capacity of 19 pt at 
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presentation was 80 * 23% of predicted (range: 32.122%). Surgical repair was required 1114-200 Increased Total Myocardial Mass in Adults After the Mustard 
in 29 pt (67%) (mean age 44). Most surgical pi presented late with systemic ventricular Ooeration: A Possible Mechanism for Mvocardial lschemia 
dysfunction (mean pre-op ejection fraction (EF) 41+11%, n=28) All had S-AV valve 
replacement, and 20 had concomitant cardiac repair (16 ASD, 6 VSD, 4 pulmonary out- T im S. Hornung, Philip Kilner, Periklis A. Davlouros, Jane Francis, Michael A. Gatzoulis. 
flow. 3 oulmonarv AV valve suraerv, 2 AVR and 1 double switch). PPM was required in 4 Royal Brompfon Hospital, London. United Kingdom 
pi with post-op heart block. Mean follow-up of the post-op pt was 42 mos (n=25). Ope pt 
required heart transplantation 6 yr post repair. The mean pre-discharge EF (n=24) was 
36%10% (p=NS, compared to pre-op), unchanged 1 yr later (n=ZO). No surgery was per- 
formed in 14 pt with minor associated cardiac lesions (mean age 47) and EF at presenta- 
tion was 43~8%. One “noperated pt with EF 25% died suddenly 13 mos after 
presentation. Conclusion: The diagnosis of I-TGA is often made in adults. Once the 
diagnosis is established, early referral and close follow-up are warranted before symp- 
toms and ventricular dysfunction are established. Although excellent early surgical 
results can be achieved, late referral may result in residual significant systemic ventricu- 
lar dysfunction. 
1114-l 98 Marfan Syndrome: The Diagnostic Value of Cardiac Signs in 
a Genotyped Population 
loana Chiorescu, Catherine Boileau, Alain Beauchet, Gabriel Delorme, Catherine Guiti, 
Christine Muti, Olivier Dubourg, Guillaume Jondeau. H6pitalAmbroise Part?,Cardiology 
Boulogne, France 
Clinical diagnosis of Marfan syndrome remains a challenge. We used genetic molecular 
diagnosis to assess the value of several clinical and echocardiographic cardiac symp- 
toms. 871 patients came to our out-clinic consultation dedicated to Marfan syndrome. All 
patients were examined by a cardiologist, an ophthalmologist, a rheumatologist and a 
geneticist.Echocardiography,ECG, and radiography of skeleton were.performed in every 
patient. Beighton criteria were used, and genetic studies were undertaken, including 
familial clinical screening and molecular biology. Mutation recognition or linkage to the 
fibrillin gene was possible in 110 consultants belonging to 32 families, allowing for a 
genetic diagnosis: 34 were not affected and 76 were affected according to genetics. 
Mean age was 28 f 15 years and 50% wet? female. Thirty four were less than 18 years 
old. In the genetically affected patients echocardiography disclosed aortic dilatation (Aod) 
in 68%, mitral valve prolapse(MVP) I” 55%, associated with mitral regurgitation (MR) in 
48%. A systolic click was heard in 42% and EKG showed right bundle branch block 
(RBBB) in 28%. Aortic dissection of ascending aorta occured in IO%, and surgery of 
ascending aorta was performed in 17%. Severe MR required surgery in 3%. None of the 
unaffected relatives had Aod and two (5%) presented MVP on echocardiography with MR 
l+, and a systolic click. Sensitivity and specificity of cardiac signs were as shown in the 
table Within skeletal manifestations , arachnodactyly had a sensitivity of 78% and a spec- 
ificity of 97%, pectus deformity had a sensitivity of 59% and a specificity of 97%. The 
ectopia lentis was present in 74% of the genetically affected patients and in none of the 
unaffected relatives. Conclusion: systolic click at auscultation, aortic dilation and mitral 
valve prolapse allow the detection of only 77% of patients genetically affected by the 
Marfan svndrome. The imBortanCe of a mukidisciplinarv approach. a clinical follow-up in 
the young, and a molecular diagnosis when powble is stressed by these results. 
Sensitivity Specificity 
Systolic click 43 91 
RBBB on EKG 58 37 
MVP (echo) 55 94 
Aortic dilation (echo) 68 100 
1114-199 Dobutamine Stress Test in Adult Patients With Congenital 
Heart Disease: Effect on Contractility and Filling 
Characteristics 
lgor I. Tulevski, Maarten Groenink, Ernst E. van der Wall, Jorrit S. Lemkes, Jaap Stoker, 
Barbara J. M Mulder. Academic Medical Center, Amsterdam, The Netherlands 
Background: We examined the role of dobutamine stress test in the detection of right 
ventricular (RV) dysfunction in minimally symptomatic patients with chronic RV pressure 
overload. Methods: Thirty minimally symptomatic patients (NYHA I and II) with chronic 
RV pressure overload: 12 surgically corrected (Mustard) transposition of the great arter- 
ies (TGA), 5 congenitally corrected (cc)TGA, 13 corrected tetralogy of Fallot and 9 age 
and sex-matched healthy volunteers were included. Magnetic resonance imaging (MRI) 
was applied both at baseline and during low dose dobutamine stress (15mgikglmin) to 
determine RV volumes and ejection fraction (EF). Results: At baseline RVEF was signif- 
icantly lower in Mustard patients than in controls (57(10)% v 71(g)%, p=O.O06). During 
dobutamine stress RVEF increased significantly in controls and patient grpups except for 
Fallot patients. The controls and patients with ccTGA showed no change in RV end-dias- 
tolic volume (EDV) (2(17)%, p=ns and -4(S)%, p=ns), but in Mustard and Fallot patients a 
significant decrease in RVEDV (-24(15)%, p=O.OOOl and -13(15)%, p=O.O04), respec- 
tively, was observed. This was accompanied by a decrease in RV stroke volume (SV) in 
these patient groups (-10(28)%, p=O.OG and -14(12)%, p=O.O03, respectively). RVSV 
increased during stress in controls (22(19)%, p=O.O2), but there was no change in 
patients with ccTGA (10(14)%, p=ns). Conclusion: RV contractility can be stimulated by 
dobutamine stress. Decreased stroke volume under stress in Mustard and Fallot pabents 
might be a consequence of impaired filling due to rigid baffles in Mustard and restrictive 
RV in Fallot patients. Patients with ccTGA showed a relatively normal response to dob- 
u&mine stress. 
Background: Subjects with a morphological right ventricle supplying the systemic circu- 
lation are at risk of right ventricular dysfunction. Research has shown right venticular 
ischema to be common in congenitally corrected transposition of the great arteries and 
in those with Mustard operations for simple transposition. We hypothesised that 
increased right ventricular myocardial mass and total ventricular myocardial mass in 
adults after the Mustard operation contributes to this ischemia. 
Methods: We performed cardiac magnetic resonance imaging in 11 adults who had had 
Mustard procedures for transposition, and compared these to normal control values (CH 
Lorenz et al, J Cardiovasc Mag Res 1999). Using a Picker Edge 1.5T scanner we imaged 
the ventricles using IOmm transverse images from the level of the inlet valves to the ven- 
tricular apex. Ventricular mass was calculated by outlining epicardial and endocardial 
surfaces at end-diastole and assuming myocardial density to be 1 .05gfcm3. The ventricu- 
lar septum was included as part of the left ventricle. fvtass measurements were indexed 
to body surface area. 
Results: Subjects with a systemic right ventricle had a signifwntly higher right ventriclu- 
lar mass index than controls: mean 102(+25)g/m2 vs 26(+5)g/m’ (p<O.OOOt). Left ventric- 
ular mass index was significantly lower in the patient group: 63(*7)g/m2 vs 87(?12)g/m’ 
(p<O.OOOi). Total ventricular myocardial mass index was also substantially increased in 
the patient group 165(&?7)g/m’ vs 113g/mz (no sd available). This is also mcreased rela- 
tive to indexed autopsy values in young people for total cardiac mass of 115.122gim” 
(DG Scholz et al, Mayo Clin Proc 1988). 
Conclusion: This study demonstrates that total ventricular myocardial mass and right 
ventricular myocardial mass are markedly increased after the mustard operation. We 
speculate that the right ventricle is less well equiped to generate systemic pressures and 
therefore requires a marked hypertrophic response. Increased total myocardial mass 
places additional demands on coronary supply, which in turn may lead to myocardial 
ischemia and right ventricular dysfunction. 
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Transcatheter Pulmonary Valve Dilation for Critical 
Pulmonary Stenosis: Predictors of Outcomes 
Robert H. Pass. Christine Donnelly, William E. Hellenbrand, Allan J. Hordof, Carl 
Garabedian, Welton M. Gersony, David E. Solowiejczyk, Daphne T .  Hs”. Columbia 
University Co//ege of Physicians and Surgeons, New York, NY 
Background: Transcatheter pulmonary valve dilation (PVD) for critical pulmonary steno- 
sis has been applied for >lO years with good reported acute and intermediate results. 
However, predictors of procedural success, need for placement of a BT s!wnt or need for 
either redilation or valvar surgery following PVD remain unclear. We reviewed our results 
to better identify factors influencing outcome following PVD. Methods: The records of all 
patients c 31 days at time of PVD attempt from 7189 to 4100 were reviewed. 45 patients 
had antegrade pulmonary flow on angiography and were catheterized with the intent of 
PVD. Standard oversized balloon technique for PVD was utilized. The pulmonary valve 
could not be crossed in 6145; one patient died due to RVOT perforation. Since 1935, 281 
28 taken to the catheterization laboratory for PVD have been dilated. Analyses were per- 
formed on the 39 patients who underwent PVD. Results: The median age at time of PVD 
was 4 days (range l-30) with a median weight of 3.5 kg (range 2.4-4.6). Median ratio of 
balloon to valve annulus used was 1.2 (mean 1.2; range 0.8 - 1.6). 5/39 required place- 
ment of a BT shunt following PVD BT shunt placement in this group was associated with 
a pre-cath QRS axis < 90 (p=.OZ), smaller absolute TV annulus (p=.O4), smaller TV 
annulus Z-score (p < O.Ol), smaller TV annul”5 to apex/mitral annulus to apex ratio 
(pc.Ol), smaller pulmonary valve annulus on angiography (p=.O3) and higher right ven- 
tricular systolic to aottic systolic pressure ratio following PVD (p=.O3). Median transcuta- 
neous 02 saturation at discharge in patients who did not receive BTS was 89% (mean 
90; range 78-100). 9 patients required PGE > 5 days. 8139 required some other form of 
reintervention following PVD with 6 requiring repeat PVD and 4 surgical valvotomy (2 
patients had both). At 27 mos f/u, the median RVOT gradient on echo was 10.5 m m  Hg 
(mean 16; range O-74); median systolic murmur grade at 30 mos f/u was 1.5/6 (mean 
1.516; range O/6-2.5/6). Conclusions: 26% of patients who underwent PVD as newborns 
required either BTS, redilation in the cath lab or surgical valvotomy. Factors consistent 
with a small RV are associated with the need to reintervene. Despite this, long term out- 
comes are good. 
JACC February 2001 ABSTRACTS - Pediatric Cardiology 461A 
834-2 
2:15 p.m. 
Percutaneous Implantation of Large Stents for the 
Treatment of Infants With Severe Post-Operative Branch 
Pulmonary Artery Stenoses 
Frank F. Ing, James C. Perry, James W. Mathewson, Mark Cocalis, Kathleen Maginot, 
Charles E. Mullins. Childrenk Hospital of San Diego, San Diego, CA, Texas Chiidren’s 
Hospital, Houston, TX 
Background: Experience with stent implantation for branch pulmonary artery stenosis 
@PAS) in infants with congenital heart disease (CHD) is rather limited due to the large 
sheaths (9-11 Fr) needed for delivery of large stents (S) that could be dilated eventually 
to adult sizes (78 m m  diameter). While there is data on using smaller S delivered through 
smaller sheaths in infants, these S cannot be expanded beyond 10 m m  to accommodate 
growth of the pulmonary artenes to adult size. We report our experience with percutane- 
ous implantation of large S through a new 7 Fr system in infants with severe BPAS. Meth- 
ods: Between 11198 and E/00, 14 infants (median weight 6.8 kg, range 5.4-10 kg) 
underwent implantation of 20 large S to treat severe BPAS following surgery for various 
forms of CHD. Ail infants were ielt to require additional surgery if no transcatheter inter- 
vention was possible. The median duration between surgery and stentmg was 5.5 
months (range X-14.5) The procedure was carried out with a large S mounted onto a 
balloon and front-loaded through a 7 Fr Mullins sheath. A dilator tip was attached to the 
balloon tip to provide a smooth transition for entry into the femoral veins and to the 
branch pulmonary arteries. Cardiac catheterization data were evaluated. Results: S 
delivery was successful in all thereby avoiding additional surgery. Large S used included 
the Palmaz PI88 (IO) and the new lntrastent Doublestrut 16DS (10). All S were delivered 
on 8 m m  (14) and 6 m m  (6) diameter balloons. The mean minimum diameter increased 
from 3211.2 m m  to 6.921.5 m m  and the gradient decreased from 34.0i18.1 to 5.1+5.8 
mmHg. The right ventricle to femoral artery pressure ratio decreased from 75.74t17.5 to 
50.9rll.2 (p-value <0.05). Mean fluoroscopy time was 39.9?12.6 min. The only compli- 
cations were pinpoint ruptures oi the balloon during S inflation in 7120 (35%). All balloons 
were removed wiihout difficulty and all stents remained fully dilated in good position. 
Conclusion: Implantation of large S in infants with SPAS is feasible and can be per- 
formed safely and effectively in order to avoid an early (e-operation. Long-term follow-up 
on the further dilation of these S in growing children is warranted. 
(ll), 36 m m  (3), 56 m m  (3), and 76 m m  (2). Stents were easily passed through appropri- 
ate size sheaths to all vessel lesions even when the anatomy was tortuous. There was no 
balloon rupture or stent embollzation during deployment. Compared to pre-stent diame- 
ter, stented vessel diameter increased significantly from 5.7 +I- 3.7 m m  to 11.6 +/- 3.3 
m m  (pcO.001). Stents did not shorten with dilation (mean percent shortening ~1.0%; 
p>O.i) Angio and IVUS imaging post stent placement showed good stentivessel wall 
apposition with no thrombus formation or intimal irregularities. Furthermore, there was no 
evidence of aneurysm, dissection or perforation. Complications did not occur. Conclu- 
sion: IT-ID stents are a safe and effective treatment for vascular stenoses I” pts with 
CHD. Enhanced flexibility, lack of shortening, and rounded ends of the IT-ID stents may 
allow for more accurate delivery and greater overall success when compared to use of 
other currently available BE-SS stents. Follow-up studies are reqwed to determlne rest- 
enosis rates and long-term performance of IT-ID stents. 
834-5 
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Ten-Year Follow-up Results of Balloon Mitral 
Commissurotomy in Children and Adolescents 
Habib Gamra, Fethi Betbout, Faouzi Maatouk, Khaldaun Ben Hamda, Mohamed 
Abdellaoui, Zohra Dridl, Taouflk Hendiri, Sonia Hammami, Hatem Boughanmi, Mohamed 
Ben Farhat. Cardiology Department Universaty Hosp/tal, Monastir, Tunisia 
834-3 
2:30 p.m. 
Balloon Angioplasty in Coarctation: Should Management 
Differ in Children and Adults? 
Ronald Waihout, Jaco Lekkerkerker, Jan Koerselman, Sjef M. P G. Ernst, Wieben 
Jaarsma, Paul Hutter, Thijs H. W. M. Plokker, Erik J. Meijboom. Heart Lung Center 
Utrecht, University i&dice/ Center, Utrecht, The Netherlands 
The purpose of this study was to assess the late outcome of balloon mitral commissurot- 
omy (BMC) in children and adolescents comparatively to the adult population. Methods: 
Among the 654 patients (pts) who underwent BMC between 11/87 and 12/99 in our insti- 
tution, 110 (Gr I) were 20 years or younger.lmmedlate and late results in Gr I pts were 
compared to the ones in the remaimng population (Gr II, n=544) ai a mean follow-up (Fi 
U) of 64+23 (6-132) months. Results: 
Gr I Gr II P 
Age (Y(S) 16~2.8 37L11.9 0.001 
Atrial Fibrillation 6(6%) 189 (35%) 0.001 
Mitral Valve Echo-Score 5.912 1 7.5&O 0.001 
Indexed Mitral Valve Area (cm2/mz) 
Pre 0.67tO.i 0.6QO.2 0.4 
Post 1.520.1 1.3+0.2 0.001 
F/U 1.34+0.1 1.16kO.2 0.001 
Restenosis defined as indexed mitral valve area at F/U < 0.9 cm21m2 was observed in 
10.9% of Gr I and 15.3% of Gr II pts (p=O.2). Clinical events at F/U including death, 
repeat BMC or mitral valve replacement occurred in 12(10.9%) of Gr I and in 91(17.5%) 
of Gr II (~~0.05). Freedom from clinical events and or restenosls at F/U is shown in the 
Kaplan-Meier survival curve below 
Background: Whether indication for and outcome of balloon angiopiasty for coarctation 
are the same for childhood, adolescence and adulthood has not been established. 
Results and follow up of this procedure in our institute are compared for different age 
groups. Methods: Balloon angioplasty for coarctation of the aorta was performed in 85 
patients from 1990 to 2000. We clawfied according to age and native / recoarctatlon. 
Groups A (n=30) (mean 4.8 years) and B (n=19) (median 29 years) included native 
coarctations. Groups rGoA A (n=33) (mean 6,l years) and rCoA B (mean 30 years) 
included recoarctations. Follow up included 2D Doppler echocardiographic studies and 
additional angiography or MRI, to exclude aneurysms. Decreases in pressure gradients 
between both groups were compared using independent-samples T-test. Kaplan-M.&r 
and Logrank analyses were performed to compare long-term outcome. Results: No mor- 
tality occurred. Immediate success was equal in in groups A and 8: 94% (46 patients) 
and 94% (31 patients) in group r&A A also. Dilatation was unsuccessful in all 3 re-coarc- 
tations of group rCoA 8. Resultant pressure gradient decreases were 23,l mmHg in 
group A, 31,4 mmHg in group B and 18 mmHg in group rCoA A. Independent-samples T-  
test (Z-tail, unequal variances) determined a significant difference (pcO,OOl) in decrease 
of pressure gradients between groups A and 8. Hospital stay waned from 12-48 hours for 
all patients. Follow up of all 85 patients ranged from one month to 9 years. The Kaplan- 
Meiercurves of groups A and B are not significantly different as determlned by log rank 
analysis (p = 0,0628). Aneurysm formation or dissection was excluded in all patients. 
Conclusion: Data presented and those rewewed from publlshed reports show that bai- 
loon angioplasty for native coarctation in both selected children and adults is the first- 
cho!ce therapy, although immediate results of balloon angioplasty for native coarctation in 
adults group are better. in recoarctation, we recommend balloon angioplasty only in the 
paediatric age group, in adults stenting is probably preferable. 
Conclusion: BMC in children and adolescents is very effective and provides excellent 
long-term results. Although a larger indexed valve area is achieved in the young popula- 
tion, there was no significant difference in restenosis and/or event-free survival compared 
to the adult population. 
834-6 
3:15 p.m. 
Healing Response to the Clamshell Device for Closure of 
Intracardiac Defects in Humans 
Jacqueline Kreutrer, Carol A. Ryan, Kimberlee Gauvreau, Richard Van Praagh, James 
M. Anderson, Kathy J. Jenkins. Children’s Hospital, Boston, MA 
834-4 
2:45 p.m. 
Initial Experience With IntraTherapeutics DoubleStrut LD 
Stents in Patients With Congenital Heart Defects 
Jennifer M. Rutledge, Ronald G. Grifka, Michael R Nihlll, Charles E. Mullins, Julie A. 
Vincent Texas Children’s Hospital, Baylor College of Medicine. Houston, TX 
Background: Balloon-expandable, stainless steel (BE&S) stents are used to treat vas- 
cular stenoses in patients (pts) with congenital heart defects (CHD). Limitations of these 
stents have included lack of flexibility, significant shortening with dilation, sharp ends, and 
limited sizes. These limitations greatly effect risk and success of stent placement. The 
new IntraTherapeutics DoubleStrut LD (IT-LD) stents are BE-SS stents designed to 
address such limitations. We report our experwce with IT-LD stents in pts with CHD. 
Methods and Results: Using standard transcatheter techniques, 23 stents were 
implanted in 13 patients (ages 1.4-32 yrs, median 10 yrs; weight 1 l-88 kg, median 33 
kg). Angiographic (angio) imaging was performed in ail pts pre and post stent placement. 
Intravascular ultrasound (IVUS) was performed in 3 pts (6.2 Fr, 20 MHz catheters). 
Lesions stented included aortcc coarctation (3); pulmonary arteries (lo), inferior or supe- 
rior vena cava (9); and Mustard baffle (1). Initial stent lengths included 16 m m  (4), 26 m m  
Background: Although devices have been used extensively for transcatheter closure of 
cardiac defects, the healing response in humans is largely unknown. Objective: To char- 
acterize the healing response after transcatheter device implantation by describing hlsto- 
pathology in explanted devices. Methods and results: During regulatory trials using the 
Clamshell device in over 800 patients, attempts were made to periorm histo-pathological 
evaluation of all explanted devices. We reviewed 12 such devices from Fontan baffles 
(n=4), ventricular septal defects (n=2) and atrial septal defects (ASD) (n=6), explanted at 
2.7 to 44 m  (20 m), at autopsy (n=i) or surgery (n=li), performed because of residual 
defects (IX?), atrial masses (n=3) or Fontan revision (n=3). All but 1 were nearly (n=3) or 
completely (n=8) covered by pseudointima, composed of fibroelastic tissue, predomi- 
nantly collagen, with focal foreign body reaction in contact with fabric, without acute 
inflammation nor infection. Atrial masses of granulation tissue were present in 3 patients 
(ASD), opposite to protruding fractured arms. No associations were identified between 
coverage and closure status, position. arm fractures, or implant period. Conclusion: The 
healing response to transcatheter Clamshell implantation in humans is characterized by 
a relatively rapid development of a non-thrombotic pseudointlma composed of fibroelastic 
tissue and minimal foreign body reaction, without infection nor acute inflamation. 
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1147-195 The Natural History of Left Ventricular Noncompaction 
Presenting During Childhood 
Piers Daubeney, Alan Nugent, Michael Cheung, C.W. Chow, James Wilkinson, Andrew 
Davis, Robert Weintraub. Royal Chtldren’s Hospital, Melbourne, Austral!a 
Background: Left ventricular noncompa&ion (LVNC) is a poorly described cardiomyopa- 
thy whose cause and outcome are unknown. 
Methods: This review examines the clinical features and outcomes for children with 
LVNC who were enrolled in the National Australian Childhood Cardiomyopathy Study 
(NACCS). This is a population-based study comprising all children with primary cardi- 
omyopathy who presented at O-10 years of age between the years 1987 and 1997. The 
diagnosis of LVNC was based on the presence of a characteristic honeycombed appear- 
ance of ventricular myocardium on echocardiography, angiography, cardiac MRI or direct 
examinaiion. 
Results: A total of 29 patients were identified, representing 9.2% of the NACCS study 
population. The diagnosis was evident on echocardiography in 28, ventricular angiogra- 
phy in 12, direct examination (transplant or post-mortem) in 11 and MRI in 1. The median 
age (interquartile range) at presentation was 3 (1.1 - 15.9) months. Congestive heart fail- 
ure was the presenting symptom in 24129 (83%). Barth syndrome was present in 7129 
(24%). The initial pathophysiology was DCM in 26 (90%), RCM in 2 (7%) with one child 
(3%) having normal cardiac function. Survival free from cardiac transplantation was 52% 
at 5 years after presentation and 47% after 10 years. Gender was the only variable at 
presentation related to oufcome, wiih females having a better 10 year survival (65% vs 
23%; p=.O2). This was partly due to a trend in better survival for Barth patients whose 
cardiomyopathy tended to fluctuate in severity (10 year survival 72% vs 37% for non- 
Barth patients, p=.19). 
Conclusions: LVNC is more frequent than previously recognised. Presentation during 
childhood is associated with a poor outcome, particularly among females and non-Barth 
males. These groups merit early consideration of cardiac transplantation. 
1147-196 The Natural History of Dilated Cardiomyopathy Presenting 
During Childhood 
Piers Daubeney, Alan Nugent, Steven Golan, Michael Cheung, Andrew Davis, John 
Carlin, Robert Weintraub. National Australian Childhood Cardiomyopathy Study, 
Melbourne, Australia 
Background: A better understanding of prognostic factors for childhood dilated cardi- 
omyopathy (DCM) would facilitate management of high-risk patients. 
Methods: The National Australian Childhood Cardiomyopathy Study is a population- 
based study which includes all children in Australia with primary CM who presented at O- 
IO years of age between 1987-1997. Diagnostic criteria for DCM comprised congestive 
heart failure with objective evidence of reduced cardiac function, a fractional shortening 
(FS) < 20% in asymptomatic children, or pathological evidence of DCM. The prognostic 
factors sought included clinical features at presentation, results of all relevant investiga- 
tions, early electrocardiographic findings and serial echocardiographic parameters of LV 
function (expressed as Z scores). Study end-points were death or transplantation. 
Results: There were 184 patients with DCM, representing 59.6% of the study popula- 
tion. Of these, 9 (5%) children presented with sudden death and were not included in fur- 
ther analysis. Freedom from death/transplant (95% Cl) was 64 (56-72)% 5 years after 
presentation and 55 (44-66)% at 10 years. From multivariate analysis the following vari- 
ables were related to outcome: 
Variables Hazard ratio 95% confidence interval p value 
Presenting age > 5 years 6.57 2.95 - 14.6 <.OOl 
Family history of DCM 3.73 1.86 - 7.48 c.001 
FS Z score at presentation 0.77’ 0.67 0.88 <.OOl 
* Per unit Z score 
Predictors of survival 3 months after presentation were similar, with FS Z at 3 months 
replacing FS Z at presentation. Of children who underwent early endomyocardial biopsy 
(EMBx), those with lymphocytic myocarditis had a better long-term survival than those 
with non-specific histology (100% vs 59%; pc.008); this variable was not entered into a 
multivariate model as not all patients underwent early EM&. 
Conclusions: This population based study identifies children with DCM at increased risk 
of death or transplantation. 
1147-l 97 Delisting for Heart Transplantation to Treatment of Dilated 
Cardiomyopathy After Starting Carvsdilol in Infants and 
Children 
Estela Azeka, Jo& A. F. Ramires, Munir Ebaid, Edimar A. Bocchl. Heart institute (InCor) 
University of Sao PaJo Medical School, Sao Paula, Brazil 
Background: Little is known about the effects of carvedilol in lnfanis and children with 
severe ventricular systolic dysfunction waiting for heart and heart-lung transplantation for 
treatment of dilated cardiomyopathy. Methods: We enrolled 17 consecutive children 
watting heart and heart-lung transplantaiion (age tanged 3.2 months to 10 years) without 
JACC February 2001 
presume diagnosis of myocarditis, left ventricular election fraction c 30% and with stan- 
dard therapy, in a 6 months follow-up double-blind, placebo-controlled study (mean time 
of evaluation was 304 1241days). Patients were randomly assigned to receive either pla- 
cebo (7 patients) or carvedilol (IO patients) at initial dose of 0.01 mgikgiday and slowly 
increased over a period of 60 t 39 days to a dose of 0.2 mglkglday, after which double- 
blind therapy was maintained for ai least an additional 6 months. Results: During the 6. 
months follow-up and the up-titration of the dosage period in the carvedilol group 3 pis 
died (2 in titration period) and 1 pt underwent heart transplantation (titration period). In 6 
patients evaluated after 6 months with a mean dose of cawedilol of 0.2 mglkgiday, heart 
rate decreased from 126 + 17 bpm to 931- 9 bpm (p= 0.01); there was an increase in 
ejection fraction from 18.5 * 5.4% to 36.5+ 11.3% (p= O.Ol), shortening fraction from 
15.5 f: 3.0% to 22.7 f 6.2% (p=O.O3); the clinical status of 5 pts who were delisting was 
NYHA I in 4 pis and NYHA II in 1 pt and all 5 pts are alive at a mean follow-up period of 
593? 79 days. In the placebo group, during the 6 months follow-up 1 pi died and 2 pts 
underwent heart transplantation. In 4 patients evaluated after six months, all patients 
were in NYHA IV, there was no significant change in heart rate (115 * 11 bpm vs 102 f 
10 bpm, p= 0.14), ventricular ejection fraction (21.3+ 4.3% vs 19.3r 4.3%, p=O.47) or 
fractional shortening (15.5 * 5.0% vs 14.0 r2. 9%,p= 0.59). Conclusion: Carvedilol, 
when added to standard therapy could reduce heart failure progression and remove 
infants and children with severe leff ventricular systolic dysfunction from the list of heart 
transplantation. 
1147-198 Cardiac Troponin I in Acute Rheumatic Carditis 
Richard V. Williams, L. L. Minich, Robert E. Shaddy, L. G. Veasy, Lloyd Y.  Tani. University 
of Utah and Primary Children’s Medical Center, Salt Lake City, UT 
Background: Although acute rheumatic carditis (ARC) is thought to be a pancarditls, the 
clinical significance of myocarditis in these patients is controversial. Elevations in cardiac 
troponin I (cTnl), a serum marker of myocardial injury, have been demonstrated in other 
types of clinically significant myocarditis. The purpose of this study was to assess cTnl 
levels in children presenting with ARC. Methods: Patients presenting with acute rheu- 
matic fever between 7198 and 6100 who had clinical carditis (i.e.,naw murmur of mitral 
(MR) or aortic regurgitation (AR)) were identified. Patients who had a cTnl level, echo, 
erythrocyte sedimentation rata (ESR) and/or C-reactive protein (CRP) level obtained at 
the time of presentation were identified within this population. Clinical and echo data 
were reviewed. Serum cTnl levels were obtained with an Abbott AxSYM system. Wiih 
this system a level ~0.3 nglml is undetectable and a level >2 rig/ml is suggestive of myo- 
cardial injury. Results: During the study period 63 patients met Jones’ criteria for acute 
rheumatic fever. Of the 31 who had both clinical and echo evidence of carditis, the 13 
who had a cTnl level obtained formed the study group. All 13 patients had evidence of 
acute inflammation (elevated ESR and/or CRP). Age ranged from 2 to 16 years. Clini- 
cally, 11/13 patients had a murmur of MR, 6113 had a murmur of AR, and 4113 had both. 
Symptoms of congestive heart failure were present in 4113, 3 with symptoms at rest and 
1 only with exercise. Left ventricular fractional shortening was decreased in 1 patlent who 
had severe AR and MR. cTnl levels were undetectable in 11113 patients, and 2/13 had 
low but detectable levels of 0.5 ngiml, including the patient with decreased left ventricular 
function. No patient had a level >2 “g/ml. Conclusions: cTnl levels are not elevated in 
pediatric patients with ARC. These data suggest that the degree of myocardial injury is 
not extensive enough to result in disruption of the myocyte membrane and increases in 
serum levels of myocardial proteins. This supports the concept that acute valvar insuffi- 
ciency rather than myocarditis and myocardial dysfunction is the major hemodynamlc 
abnormality in these patients. 
1147-199 Right Ventricular Function in Severe Pulmonary 
Hypertension Due to Congenital or Acquired Heart Disease: 
Is There a Difference? 
Christine H. Attenhofer Jest, Andre Z. Linka, Friedrich Maly, Christoph Schalcher, Erwin 
Oechslin, Rolf Jenni. Division of Cardiology: University Hospital, Zurich, Switzerland 
BACKGROUND. The long-term prognosis of patients (pts) with severe pulnionary hyper- 
tension (PHT) due to congenital heart disease (CHD; eg Eisenmenger) is much better 
than the prognosis of pts with acquired severe PHT (AHD; pulmonary emboli or collagen 
vascular disease) or primary PHT (PPH). The reason for this survival difference is not 
clearly delineated, bui as right ventricular (RV) failure is a common cause of death, we 
prospectively assessed RV function in pts with PHT due to different etiologies. METH- 
ODS and RESULTS. In 42 pts with PHT (29 pts wiih AHD; 6 pts with PPH; 7 pts with 
CHD) and 12 controls, complete echocardiography was done including fractional area 
change (FAC; normal >25%) as a marker of RV function, tissue Doppler imaging of the 
right ventricle (RV DTI systolic Sa and early diastolic Ea annular velocities). Also, levels 
of natriurelic peptides ANP (normal: 20-60 ns/l) and BNP (normal <long/l) were mea- 
sured. The results are shown in the Table. Despite comparable pulmonary artery pres- 
sures as estimated from the systolic pressure difference between RV and right atrium RA 
(RVIRA), RV function was worse and levels of ANPiBNP more increase in primary PHT 
than in pts with severe PHT due to CHD. DTI measurements were not helpful to discrimi- 
nate between PPH and PHT due to congenital heart disease; see Table. p values:‘<0.05; 
#<O.OOOl CONCLUSIONS. These results show that primary PHT and other acquired 
PHT are much more detrimental to RV function than comparable PHT due to CHD. This 
helps to explain the survival advantage of Eisenmenger pts compared to pts with primary 
PHT. 
Table. Standard deviations are in parenthesis 0. P values are comparisons 
between pts and controls. 
age RV/RA FAC (%) ANP (ngil) BNP @g/l) DTI Sa DTI Ea 
(years) (mm&!) (cm/s) (ml/s) 
Controls 41 (15) 20 (3) 50 (6) 51 (32) 8 (7) 7 (2) 10 (3) 
CHD 47 (13) 81 (30)# 38 (7)* 109 (56)* 130 (181)* 7 (2) 8 (3) 
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841-2 
4:15 p.m. 
Anatomical Closure for Secundum Atrial Septal Defect in 
Patients Aged Over 40 Years. A Randomized Clinical Trial 
Fause Attie, Martin Rosas, Nuria Granados, Alfonso Buendia, Carlos Zabal, Juan 
Calderon. Fause Attie, Mexico City Mexico, Martin Ross, Mexico Cif~ Mexico 
Background, Surgical closure for secundum atrial septal defect in adults aged over 40 
years is a subject of controversy due to the perception of a good long-term evolution with- 
out surgery and the lack of data from randomised trials. We undertook a randomised 
sequential trial to find whether anatomical closure reduces the hazard ratlo of a compos- 
ite of major cardiovascular events. Methods. We recruited 473 patients aged over 40 
years from 16 medical centres with Secundum Atrial Septal Defect, who were referred to 
be treated. Patients were selected if the QplQs ratio was > 1.7 and the systolic pulmo- 
nary arterial pressure was less than 70 m m  Hg. They were randomly assigned to surgical 
closure (n=232) or medical treatment (n=241). The primary end point was the composite 
of major cardiovascular events, including cardiac death, pulmonary embolism, a major 
arrhythmic event, paradox embolism, functional class deterioration, or heart failure 
(assessed by time to first event). A secondary end point was to analyse all-cause of mor- 
tallty.The analysis was by intention to treat. Results. Median follow-up was 7.3 years 
There was significant difference bexween surgical and medical treatment in the compos- 
ite of major cardiovascular events with a univariate hazard ratio of 1.99 (95% Cl, 1.23 
3.22) and multivariate hazard ratio of 1.85 (95% Cl, 1.08 - 3.17). Univariate survival anal- 
ysis did not find differences in all-cause mortality (hazard ratio of 1.71; 95%CI, 0.76 
3.86). However, the multivariate analysis adjusted by age at entry, mean pulmonary arte- 
rial pressure and cardiac index, demonstrated significant difference between groups of 
study (hazard ratio of 2.89; 95% Cl, 1 .I 1 7.51). Conclusion. Surgical closure was 
superior to medical treatment in improving both the composite of major cardiovascular 
events and all-cause mortality.The superiority was related with the mean pulmonary arte- 
rial pressure, age at diagnosis, and cardiac index. Due to the higher risk of morbidity and 
mortality in patients aged over 40 years without surgery, we believe that anatomical clo- 
sure for similar cases, should always be performed as soon as be possible, even if the 
symptoms and the hemodynamic impact seem to be minimal 
841-3 
4:30 p.m. 
Outcomes of Aorto-Pulmonary Window: 30 Years 
Experience at a Single Institution 
Rajesh Bagtharia, Robert M. Freedom, William G. Williams, Brian W. McCrindle. The 
Hospital for Sick Children, Toronto, ON, Canada 
Background: Characteristics and outcomes of aorta-pulmonary window (APW) have 
only been defined in small case series. Methods: We reviewed the medical records for 
all consecutive patients with APW assessed at a single-institution from 1970 to 1999 to 
determine outcomes and associated factors. Results: n=42 pts were identified (23 
females) with a median age at presentation of 62 days (range, birth to 6 yrs). Other car- 
diac defects in 34 pts included PDA in 16, ASD 15, VSD 7, interrupted aortic arch (IAA) 6, 
right aortic arch 5, aortic coarctation 3, tetralogy of Fallot 2, and aortic atresla in 2 pts. 
with other lesions less frequent. Non-cardiac anomalies ware noted in 15 pts. Of the 42 
pts, 5 died before any surgery (all complex), 5 had surgery for other than APW (1 death; 
4 with later APW repair), 17 had APW repair with repair of other lesions (3 died), 14 had 
APW closure alone (no deaths), and the status of 1 pt is unknown Thus, 35 pts had APW 
closure (83%) at a median age of 3.4 months, with ligation in 5 (with division in 2), 
Dacron patch closure through the pulmonary artery (PA) in 11 and the aorta in 6, Goretex 
patch in 4, autologous pericardial patch in 4, other patch material in 3 and transcatheter 
device closure in 1 pt.There were 2 deaths before hospital discharge (both complex). 
There was 1 late death 10 years after repair during reoperation for aortic arch graft steno- 
sis. Pulmonary hypertension was noted in 3 pts at follow-up, and 5 pts had branch PA 
stenoses (treated surgically in 3, balloon dilation in Z), with 2 pts having residual leaks (1 
repaired surgically, 1 closed with coils). The only significant trend with time was a greater 
tendency towards total primary repair (pcO.03). Kaplan Meier estimates of survival for the 
total cohort were 88% at age 1 month, 83% at 1 year, and 68% from 12 up to 21 years, 
with no significant improvement over time. Risk factors for time-related death included 
presentation with shock (hazard ratio 4.4; p=O.O3) or cyanosis (HR 6.1; p=O.Ol), and 
presence of IAA (HR 4.0; p=O.O5). Conclusions: APW is frequently associated with 
more complex lesions that contribute to morbidity and mortality. After repair, there is a 
risk of branch PA stenoses and residual leaks requiring intervention during follow-up. 
841-4 
4:45 pm. 
Extramural Coronary Arteries in Cyanotic Congenital Heart 
Disease 
Reema Chugh, Joseph K. Perloff, Michael C. Fishbein, Philip A. Ludbrook, Kathryn J. 
Junge, John S. Child. Ahmanson/UCLA Adult Congenital Heart Disease Center. Los 
Angeles, CA, Washington University School of Medicine, St. Louis, MO 
Background: Dilated, tortuous. atheromata-free coronary arteries characterize hypox- 
emit erythrocytotic adults acclimatized to living at high altitudes. Hypoxic erythrocytotic 
adults with cyanotic congenital heart disease are also hypocholesterolemic, but their cor- 
onary arteries remain to be characterized. 
Methods: Coronary angiograms in 70 adults with cyanotic congenital heart disease were 
interpreted without knowledge of the original angiographic reports. Fifty-eight patients 
had technically adequate studies, 33 ware women (aged 23 to 54 years, mean 41 years), 
and 25 were men (aged 18 to 56 years, mean 36 years). All 30 selective coronary angio- 
grams yielded adequate visualization, whereas aortic root injections yielded adequate 
visualization in 28 of 40 patients. Systemic arterial saturations were 68 % to 88 % (mean 
78 %). Hematocrits were 41 to 72 (mean 63). All but two patients ware normotensive. We 
AHD 
PPH 
53 (14)’ 60 (23)# 33(1 l)# 133 (89)- 182(218)# 9 (3) 6 (3)* 
37 (11) 80 (Z)# 23 (6)# 215 (116)* 233 (157)* 8 (3) 9 (5) 
1147-200 White Coat Hypertension in Childhood 
Rae-Ellen W. Kavey, Nader H. Atallah-Yunes, Frank C. Smith. SUNY-Upstate Medical 
University, Syracuse, NY 
Background: White coat hypertension (WCH) is defined as perslstent elevation of blood 
pressure (BP) in a physician’s office with normal BP at other times. In adults, the preva- 
lence of WCH has been estimated at 20.50%. To evaluate WCH in pediatrics, we studied 
104 consecutive children referred for hypertension (HTN) prospectively by ambulatory 
BP monitoring (AMBP) and by echo estimation of LV mass. Methods: Office BP was an 
average of 3 by Dinamap confirmed by traditional sphygmomanometry: HTN=SBPrDBP 
?95’h% for ageisexiwt by Second Task Force normals. AMBP used a Suntec monitor to 
record BP randomly every 30 min during the day and every 90 min at night. HTN=mean 
wake SBPtDBP > 1 SD above mean for AMBP reported normals for age/sex. LV mass 
normalized to BSA was determined from m-mode measurements made by 1 of 2 observ- 
ers unaware of BP status. Results: All 104 pts had office SBP >= 9@~ for age/sex/ 
weight; 17% also had high DBP From AMBP, pts were classified as hypertensive (HBP) 
or normotensive (WCH): 491104 pts (47%) had normal mean wake and sleep SBP and 
DBP for age/sex (WCH) while 55004 had HBP. Fifty-three percent of HBP and 55% of 
WCH were obese (p=NS). Table displays mean 2 1 SD results for both groups, split by 
gender and compared by unpaired t-testing. Office SBPs did not differ but DBPs were 
significantly higher for HBP than for WCH. On AMBp, mean wake SBP and DBP were 
significantly higher for the HBP group for both sexes. LVM/ma Indicated LVH for HBP pts 
of either sex and was significantly greater than normal LVMlm’ in WCH. Conclusion: 
WCH is common in childhood, present in 47% of pts in this series. AMBP is vary useful in 
distinauishina WCH from true HBP Increased LV mass in the HBP arouo suooorts the 
_ ”  -  I I  
AMBP classification and suggests significant end-organ effect beginning in childhood. 
Age SBP DBP AM-WSBP AM-WDBP LVMIm’ 
HBP:M 13.6e-4 147*;14” 7s111** 140*13” 77~12” 106t20” 
F 12.4*3* 140*11* 8Okll’ t36+1@’ 76i9N\ 88t16*” 
WCH:M 14.322’ 148+7* 72~7’ 125&’ 68i-5” 84216,’ 
F 12.4+3 140aS’ 76+7 12Ot7” 69+6”” 72*16** 
‘N.S.; ‘*<.01;“.0001; M<.005 
ORAL CONTRIBUTIONS 
841 Adult Congenital Heart Disease: Followup 
and Outcomes 
Monday, March 19, 2001, 4:00 p.m.-5:30 p.m. 
Orange County Convention Center, Room 414A 
4:00 p.m. 
841-I Intermediate Term Cardiorespiratory Capacity After Surgical 
Closure of Atrial Septal Defect in Adults 
Gruschen R. Veldtman, Per Morten Fredriksen, Vanessa Razack, Akane Nishimoto, 
Sloane Hechter, Mohammed A. Warsi, John Granton, Gary D. Webb, Michael Gatzoulis. 
Toronfo Conogenitak Cardiac Centre for Adults, Toronto, Canada, Toronto, Canada 
Background: Atrial sepia1 defects may result in impalred exercise tolerance especially in 
the adult years. Surgical correction is associated with batter long-term survival, symp- 
tomatic improvement, better control of heart failure and prevention of atrial arrhythmia. Its 
effect on intermediate term cardiopulmonary capacity in the adult is however largely 
unknown. Methods: 44 adults underwent atrlal septai defect repair between I January 
1997 and 28 March 1999. Spirometry, respiratory muscle strength testing and cardiopul- 
monary exercise tests were performed before and 1 to 2 years after surgery. Results: 18 
of the 44 patients were male. Thirty seven had secundum defects, 6 sinus venosus, and 
1 had a primum defect. Median age at surgery was 42 years (range 24 - 69). Eleven of 
35 (25%) had exertional dyspnoea and 22 of 39 (56%) had palpitations. Mean pulmonary 
artery pressures ranged from 12 to 37 mmHg (median 19) and shunt ratio ranged from 
1.5 to 5.4 (median 2.4). Preoperative spirometry demonstrated forced FVC of 3.5 (0.96) 
Umin, and FEVl 2.91 (0.82)Limin. Baseline respiratory muscle testing demonstrated 
maximal insplratory pressures of 53.4%, and maximal expiratory pressures of 64.53% of 
predicted values. Preoperative VO2max was 1.38 (SD 0.47)Umin (58.7% of predicted), 
maxImal workload 91.39 Watts and an exercise duration was 10.3 (SD 3.3) minutes. 
Postoperatively FVC increased to 3.6 (SD 0.92) Umin. V02 max, maximal workload, and 
exercise duration improved significantly to 1.46 Umin (p=O.O17), 101.51 (34.1) Watts 
(p=O.O09), and 11.34 (0.54) minutes respectively. The major determinants for V02max 
were preoperative respiratory muscle strength, oxygen pulse, maximal respiratory rate 
and mean pulmonary artery pressures. Conclusions: Adult patients with atrial septal 
defect have markedly impaired exenxe capacity, restrictive lung disease and clinically 
significant respiratory muscle weaknessone to 2 years after surgery, static lung function 
and cardiopulmonary exercise capacity improves. Preoperative respiratory muscle 
weakness, oxygen pulse, maximal respiratory rate and mean pulmonary artery pres- 
sures determine functional outcome after surgical closure of the defect. 
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compared our observations to acyanotic age and sex matched controls.The extramural 
coronary arteries were examined at necropsy in four adults with cyanotic congenital 
heart disease and dilated coronary arteries. 
Results: Selective angiograms: The coronary arteries were normal size to mildly dilated 
in 8. mildly dilated but tortuous in 4, moderately dilated and tortuous in 14, and markedly 
dilated (e&tic) and tortuous in 4 patients. Aortic root angiograms: The coronary arteries 
were normal we to mildly dilated in 6, mildly dilated but brtuous in 13, and moderately to 
markedly dilated (e&tic) and tortuous in 9 patients. No patient had angiographic evi- 
dence of coronary atherosclerosis. The necropsy studies of the dilated coronary arteries 
disclosed gross dilatation wth histologic loss of medial smooth muscle, increased medial 
collagen, duplication of ihe internal elastic lamina, intimal fibrous proliferation, but no ath- 
erosclerosis. 
ORAL CONTRIBUTIONS 
805 Featured Oral Abstract Session: 
Advances in Surgery for Congenital Heart 
Disease 
Tuesday, March 20, 2001, 8:30 a.m.-IO:00 a.m. 
Orange County Convention Center, Room 414A 
Conclusions: Coronary arteries in adults with cyanotic congenital heart disease tend to 
be mildly to markedly enlarged. The coronary arteries may dilate out of proportion to 
physiologic endothelial vasodiiator stimuli because of medial structural abnormalities. 
Hypocholesterolemia may contribute to relative freedom from atherosclerosis. 
805-2 
8:45 a.m. 
Length of Stay After Infant Heart Surgery Affects Long-Term 
Cognitive Outcome 
Jane W. Newburger, David Wypi], David C. Bellinger, Leonard Rappaport, Daniel Almirall, 
David L. Wessel, Richard A. Jonas, Gil Wernovsky. Children’s Hospital, Boston, MA 
841-5 
5:oo p.m. 
Compression of Pulmonary Veins Between the Left Atrium 
and the Descending Aorta 
Glare l? O’Donnell, James E. Lock, Andrew Powell, Stanton 8. Perry. Children’s Hospital, 
Boston, MA, Harvard Medical School, Boston, MA 
Background: Acute Fontan failure in the current era is rare and, in our experience, com- 
monly associated with unrecognized pulmonary vein (PV) stenosis. The etiologies of PV 
stenosis are multiple. Most result in concentric narrowing and involve any or all of the 
Pv’s. With a heightened sensitivity to PV stenosis in pre-Fontan pts we identified the 
angiographic characteristics of a different type of PV stenosis. Ii commonly affects only 
the left lower lobe and is associated with low flow in the affected PA, delayed emptying of 
the PV and the angiographic appearance of flattening of the PV between the descending 
aorta and posterior atrium. Review of the literature demonstrated isolated case reports 
from Japan. The present study was undertaken to further characterize this lesion. 
Results: To date, we have identified 12 pts with these angiographic findings, 9 with sin- 
gle ventricles and 3 with 2 ventricles. Of these, 11 involved the left lower lobe PV and 1 
(dextrocardia and right aortic arch)the right lower lobe PV. Direct pressure measure- 
ments demonstrated minimal gradients in most pts(O-6mmHg)(mean 2.8mmHg) in the 
presence of reduced flow (lung scan)to the affected lung segment. In 2 pts, balloon 
occlusion of the contralateral lung increased flow to the affected lung as well as the PV 
gradient. Cardiac MRi (n=4) confirmed flattening of the PV as it crossed anterior to the 
descending aorta. Stents in 2 pts resulted in increased flow in 1 pt. Conclusion: Though 
characteristic, the signs of PV “compression” can be easily overlooked. The hemody- 
namic significance appears to be variable. 
Background: Although intraoperative perfusion variables have been shown to influence 
neurodevelopmental outcome, the impact of hospital course following infant heart sur- 
gery has noi been studied. We explored the relation of long-term cognitive outcome to 
postoperative length of siay I” the cardiac intensive care unit (CICU) using the Boston 
Circulatory Arrest Study database. Methods: In this randomized trial, daily events were 
recorded in paiients with DTGA with IVS or VSD undergoing the arterial switch operation. 
Among 160 eligible patients, cognitive iesfing at age 8 years was performed in 154 
(96%). Results: Longer CICU length of stay was associated with lower Full Scale IQ 
(Spearman r = -.19, p=.OZ) and Verbal IQ (I = -21, p=.Ol), but not with Performance IQ. 
Preoperative intubation and postoperative arrhythmias, sepsis, reintubation, and delayed 
sternal closure were predictive of longer CICU length of stay in multivariate analysis 
(Pc.03 for each, Cox model). Length of stay was divided into quartiles to eliminate undue 
influence of outliers. When adjusting for events, associated VSD, and perfusion variables, 
longer length of stay contmued to be predictive. Full Scale IQ was 4.0 and 8.4 points 
lower among patients in the 3rd and 4th quartiles of CICU length of stay, respectively, 
compared to that in the lowest quartile (ANOVA p=.O6). Similarly, Verbal IQ was 6.6 and 
10.6 points lower in the 3rd and 4th quartiles, respectively (p=.OO6) The effects of total 
postoperaiw hospital length of stay on IQ were similar to ihose of CICU length of stay. 
Conclusion: Prolonged postoperative recovery after infant heart surgery is associated 
with lower IQ even when adjusted for complexity of diagnosis, perfusion variables, and 








Factors influencing Early Outcome After Arterial Switch 
Operation 
Jacqueline M. Lamour, Thomas J. Start, Carlos Montoya, Welton M. ,Gersony, Jan M. 
Quaegebeur. Columbia Univerisfl: New York 
Samuel Siu, Mathew Sermer, Sheryll Sorensen, Jeffrey Smallhorn, Dan Farine, Kofi 
Amankwah, John Spears, Jack Colman. University of Toronto, Toronto, ON, Canada 
Background: Pregnant women with heart disease (HD) are at increased risk for cardiac 
(CV) complications. However, the neonatal (NE) event rate in these women has not been 
well defined. Furthermore, the risk of CV and NE events in pregnant women with HD rel- 
atlve to those of pregnant women without HD has not been examined. 
Methods: Pregnant women with HD receiving care at 3 Toronto hospitals were prospec- 
tlvely followed during 264 pregnancies not ending in miscarriage or termination. CV 
(heart failure, arrhythmia, stroke, or death) and NE (premature birth, small for gestational 
age birthweight, fetal or neonatal death) event rates were compared to a control group of 
pregnant women without HD receiving care at the same hospitals during 568 
pregnancies. ’ 
Results: Underlying CV lesions in the HD group were congenital (66%), acquired (22%), 
or electrical (12%) in origin. Proportion of nulliparous women in both groups (54% vs 
50%; HD vs Controls) was comparable (p=O.3). Mean age of the HD group (28+6 yrs) 
was lower than that of controls (31~5 yrs; prO.OO1). CV and NE event rates were higher 
in the HD group: 
HD Controls P 
cv event rate 19% 0% <O.OOl 
NE event rate 17% 7% <O.OOl 
In the HD group, those with congenital HD have a lower NE event rate than those with 
electrical or acquired lesions (14 vs 24%; ~~0.04). On multivariate logistic regression 
analysis, maternal HD continued to be a significant risk factor (odds ratio = 2.9, p<O.OOl) 
for NE events after adjusting for maternal age, parity status, sock-economic status, mul- 
tiple gestation, co-morbid conditions, and risk for maternal cardiac complications. 
Conclusion: Pregnant women with HD are at increased risk for both CV and NE compli- 
cations. This increased risk for NE complications remained even when baseline obstetri- 
cal or cardiac risk factors have been accounted for. 
Decreased mortality has been reported with the arterial switch operation (ASO) in recent 
years. It remains important, however, to explore potential factors that might affect out- 
come. The purpose of this study was threefold: 1) to identify variables that influence early 
surgical mortality and morbidity (M&M) 2) to determine if balloon atrIal septostomy (BAS) 
affects outcome 3) to identify variables which influence length of stay (LOS). A single sur- 
geon performed 253 AS0 over a 10 year period at New York Presbyterian Hospital. 
Excluded from analysis were patients (pts) with single ventricle (n=6) and two stage 
repair (n=13). The variations in anatomy (Ox) of 234 pts ware: TGA I intact septum 131 
(56%), TGA / ventricular septal defect (VSD) 65 (27.8%), TGA / coarctation rt VSD 27 
(11.5%) and Taussing-Bing anomaly 11 (4.7%). Variables analyzed included Dx, weight 
(Wt), coronary artery (CA) pattern, previous (BAS), bypass (CPB) and crossclamp (XC) 
time, open sternum, intubation, inotropic support (IS) time and LOS. Median Wt was 3.4 
kg. 34 pts were i 2.8 kg. CA pattern was usual in 155 (66.2%). 114 pts underwent a 
BAS. Median CPB and XC time ware 138 and 80 minutes, respectively. Four pts returned 
to the ICU with an open sternum (1.7%). Median intubation, IS time and LOS was 1.9, 
2.6 and 8 days, respectively. There were 5 early deaths (2.1%). Factors related to death 
included: bilateral intramural CA (n=l), myocardial infarct (n=l), left ventricular assist 
device (n=1), small for gestational age with multiple congenital anomalies (n=l), 
unknown (n=l). Morbidity included: chylous effusions (n=2), paralyzed hemidiaphragm 
(n=l), pulmonary hemorrhage (n=l). There were no identifiable factors predictive of 
M&M. No difference in mortality or post-operative LOS was found between those with 
BAS and those without. 3 pts who had BAS developed hypertension as a result of renal 
vein thrombosis (RVT). There was a direct correlation between LOS, CPB and intubation 
time and an inverse correlation with birthweight (p<.OOl). Conclusions: 1) In this series 
there was a 2% mortality 2) no factors were identified to predict surgical M&M 3) BAS 




Outcomes and Interventions of Total Cavopulmonary 
Connections in Children Initially Palliated With a Modified 
Norwood Procedure 
Jennifer L. Russell, Anthony Azakie, Lee N. Benson, Brian McCrindle, Glen S. Van 
Arsdell, John G. Colas, David Nykanen, Robert M. Freedom, William G. Williams. 
Hospital for Sick Children, Toronto, ON, Canada 
Objectives: To review outcomes of the Fontan operation in children initially palliated with 
the modified Norwood procedure Methods/Results: From 8/93 to l/00, 45 patients 
(mean age 2.6* 1 .l yrs, weight 12.7* 2.8 Kg) who were palliated with staged Norwood 
procedures (hypoplastic left heart syndrome n-32, non-HLHS n=13) underwent a modi- 
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fied Fontan operation. Preoperative features included moderate/severe atnoventricular 
(AV) valve regurgitation (n=5. 11%). an ejection fraction of 6Of 8%, McGoon index 1.56 
+0.38, and pulmonary artery (PA) distortion in 18 pattents (40%). The Fontan constmc- 
tlon included a lateral tunnel (n=l6) or an extracardiac conduit (n=29) connection with 
fen&ration in 38 patients (84%). Concomittant procedures included PA reconstruction 
(n=24, 53 %), AV valve repair (n=4, 9%), AV valve replacement (n=l), or enlargement of 
the ASD (n=ll, 24%). Catheter based interventions were necessary prior to Fontan, 
lntraoperatively and following the Fonian in 20 patients (44%). Five patients required 
more than 1 reintervention. Prior to Fontan, 12 patients (27%) had an intervention to 
address neo-aortlc obstruction (IO balloon dilations in 8 patients, 4 neoaortic arch 
enlargement for hypoplasia), and 7 patients required balloon diiatlon or stenting of the left 
PA (n=5), right PA (n=5), and left SVC (n=l). Intraoperatively, left PA (n=5), right PA @=I) 
or SVC (n=l) balloon dilation or stenting was performed in 5 patients (11%). On follow-up 
8 patients required additional interventional procedures to address left PA narrowing 
(11=5), venous collaterals (n=5), or arteriopulmonary collaterals (n=i). Perioperative mor- 
tality was 4.4% (n=Z). Follow-up (95%) was available in all but 2 patients, and averaged 
39 f 20 months. There was one late death. Three patients developed protein-losing 
enteropathy which resolved in one patient following catheter based Fontan fen&ration. 
Conclusions: In relatively high risk patients. early and midterm results of the Fontan 
operation for children initially palliated with the Norwood procedure are good. Neoaortic 
and PA obstructions are common Combined interventional-surgical treatment algorithms 
can lead to improved outcomes. 
PVRI, the measurement of plasma endothelin levels may predict benefit from endothelin 
blockade. This form of treatment may represent an additIonal optron in patlents with pul- 
monary hypertension. 
3- 
base 02 BQ123 iN0 
Study Protocol Conditions 
805-5 
9:30 a.m. 
Thrombotic Complications in a Pediatric Cardiovascular 
Surgery Population: A Nine-Year Experience 
POSTER SESSION 
Therese M. Giglia, Dorothy I. Bulas, Jeffery E. Sell. Rebecca S. Chamberlain, Eric S. 
Quivers, Gail D. Pearson, Karl F. Gumpper, Frank M. Mldgley, Gerard R. M&n, Naomi L. 
C. Luban. Children’s National Medical Centel; The George Washington University School 
of Medicine, WashIngton, DC 
1180 Cardiomyopathy and Congenital Heart 
Disease: Access, Followup, and Quality 
of Life 
Background: Thrombi in infants and children with surgical cardiovascular disease may 
be life-threatening. The incidence, treatment, and outcome, however, remain poorly 
defined. 
Tuesday, March 20, 2001, 9:00 a.m.-l 1 :OO a.m. 
Orange County Convention Center, Hall A4 
Presentation Hour: IO:00 a.m.-l I:00 a.m. 
Methods: From October 1991 through June 2000, cardiovascular surgery patients with 
clinically-evident thrombi were identified monthly as a performance improvement initia- 
tive. Medical records, including echocardiography, catheterization, pharmacy, and radIoI- 
ogy data bases were reviewed. 
Results: Of the 1940 to&i cardiac operations, there were 69 thrombotic events (3.6% 
95% Cl 2 8-4.5) in 50 paiients. Three additlonal patients (4 events) presented who had 
surgery either prior to October 1991 or at another institution. 12 patients had multiple 
events (Z-5). 29 patients were male, 24 female. At presentation, the median age was: 2.6 
months (3 days - 21.2 years), median weight: 3.8 kg (2.1 - 56.2) and median time after 
operation: 21 days (0 days 9.4 years). 50.7% had a systemic saturation less than 90%. 
Thrombi were classified as’ deep venous (41.1%), occluded aortopulmonary shunts 
(13.7%), extensive post-catheterization arterial/venous (11 .O%), other arterial (5.5%), 
prosthetic valves (9.6%), other early (12.3%) and late (4.1%) post-operative intracardiac, 
and stroke (2.7%). 54 of 73 events were treated: heparin (68.5%), urokinase (35.2%), 
coumadin (25.9%), tissue plasminogen activator (18.5%), surgery (18.5%), low molecu- 
lar weight heparin (13,0%), and balloon dilation (3.7%). Minor complications of therapy 
occurred in 6 patients; one patient died during tissue plasminogen activator Infusion. 
Thrombus resolution was complete in 22 (40.7%), partial in 6 (11.1%). 25 patients are 
alive (median follow-up 3.5 years, 24 asymptomatic) and 28 have died (52.8%), 11 of 
whom (20.8%) were felt to have died as a direct result of the thrombus. In 23 (43.4%) the 
diagnosis was felt to be delayed and in 9 (17.0%) the diagnosis was noi made until 
autopsy. 
1180-l 95 The Natural History of Hypertrophic Cardiomyopathy 
Presenting During Childhood 
Alan Nugent, Piers Daubeney, Patty Chondros, Steven Golan, Michael Cheung, Andrew 
Davis, Robert Weintraub. MationaiAustra/!an Childhood Cardiomyopathy Study 
Melbourne. Australia 
Conclusions: Thrombi in pediatric cardiovascular surgery patients have a substantial 
Incidence, a high rate of late diagnosis, and are associated with a high mortality. Further 




Endothelin-I in infants After Congenital Heart Surgery: 
Impact on Pulmonary Vascular Resistance 
Ingram Schulz+Neick, Jia Li, Lam Shekerdemian, Andrew N. Redington, Daniel J. 
Penny. Great Ormond Street Hospital for Children, London, United Kingdom 
Background. Pulmonary hypertension (PHT) in children after cardiac surgery may be 
due to pulmonary endo!helial dysfunction (PED) which results in an imbalance between 
NO-mediated pulmonary vasdodllation and vasoconstrictor factors such as endothelins. 
To investigate this imbalance, we measured endothelin-l(ET-1) levels, and used 80123, 
a selective endothelin-A anatagonist, together with inhaled nitric oxtde (iNO). Methods. 
In seven patients (age median 0.35 years) early after surgery for atrioventricular or ven- 
tricular septal defects, we measured pulmonary vascular resistance index (PVRI) (using 
reSpiratOry mass SpectrOmetry), at baseline, during FiO2EO.65, additional BQ123 infu- 
sion (0.1 pmollkgimin), and inhaled NO (20ppm). In addition, in six patients, arterial and 
venous ET-1 levels were measured (ELISA) at each step of the protocol. Results. PVRI 
fell from 7.723.4 to 6.1+2.8 WU’m2 (p&02) at FiO2zO.65, and io 4.7k2.7 WU*m2 
(p=O.Ol) during BQ123. iN0 had no further effect on PVRI (see Figure). ET-I levels did 
not change during the protocol, but were consistenily lower after passage through the 
pulmonary vascular bed (2.8711.48 vs 2.38i1.32 pgiml, pcO.001). Arterial ET-1 levels 
(1.35 to 5.12, mean 2.4 pgiml) correlated significantly with the fall of PVRI in response to 
BQl23-infusion (r2=0.86; p<O.O5). Conclusion. In children with increased postoperative 
Background: A better understanding of prognostic factors for childhood hypertophic car- 
diomyopathy (HCM) would facilitate management of difficult patients. 
Methods: The National Australian ChIldhood Cardiomyopathy Study is a populatlon- 
based study which includes all children in Australia with primary CM who presented at O- 
10 years of age between 1987-1997. Diagnostic criteria for HCM comprised otherwise 
unexplained left ventricular hypertrophy (LV free wall or septal diastolic diameter Z score 
of 72.0), and/or righi ventricular hypertrophy. The prognostic factors sought included clin- 
ical features at present&on, results of all relevani investigations, early electrocardio- 
graphic findings and serial echocardiographic measurement of LV wall thickness & cavity 
dimensions (expressed as Z scores) and severity of outilow tract obstruction. Separate 
study end-points were death or cardiac transplantation, and surgical intervention. 
Results: There were 80 patients with HCM, representing 25.5% of the study population. 
Freedom from death/transplant (95% Cl) was 88 (78.92)% 5 years after presentation and 
81 (67.90)% at 10 years. Freedom from surgical intervention was 7p (64.84)% at 5 years 
after presentation and 70 (56.82)% at 10 years. From multivariate analysis, only the pres- 
ence of biventncular hypertrophy at presentation was associated with death/transplant 
(hazard ratio 7.13, 95%Cl: 2 O-25.6. p=.OO3). The 5 year survival for patients with biven- 
tricuiar hypertrophy at presentation was 64%, compared to 95% for remaining patients 
Multivariate analysis of variables related to surgery showed that subaortic obstruction at 
presentation (hazard ratio 12.8, 95% Cl: 2.9-55.9, p=.OOl) and age at presentation (haz- 
ard ratio 0.63, 95% Cl: 0.40-I .OO, p=.O5) were predictive of subsequent surgical Interven- 
tion. Neither death/transplantation, nor requirement for surgery, were related to Noonan 
syndrome, magnitude of left veniricular hypertrophy or family history of HCM. 
Conclusions: Biventricular hypertrophy in children with HCM is associated with worse 
survival, whereas a younger presentmg age and subaortic obstruction predict the need 
for surgery. 
1180-I 96 The Incidence of Pediatric Cardiomyopathy: The 
Prospective Pediatric Cardiomyopathy Registry 
Steven E. Lipshultz, Lynn A. Sleeper, Jeffrey A. Towbin, April M. Lowe, E. John Orav, 
Gerald F. Cox, Paul R. Lurie, Kristina L. McCoy, Jane E. Messere, Rebecca A. Orfaly, 
Steven D. Golan. University of Rochester, Rochester, NY New England Research 
Institutes, Watertown, MA 
Background: Population-based data on the incidence of pediatric cardiomyopathy are 
rare because of the lack of large prospective studies. Methods: The NHLBI-sponsored 
Pediatric Cardiomyopathy Registry collected data on all patients newly diagnosed by age 
18 years with cardiomyopathy. The diagnosis had to have been made by a pediatric car- 
diologist and had to meet study criteria. All children diagnosed during 1996, 1997 and 
1998 in 2 geographically distinct regions of the United States: New England (MA, ME, 
NH, VT, RI) and the Central Southwest (TX, OK, AR) were included in the Registry. 
Results: Over the three years and two regions we identified 350 cases for an overall 
annual mcidence of 11.8 per million patient-years (95% Cl: 10.6, 13.1). Younger age (<I 
year old) at diagnosis had a significantly higher Incidence rate than older age (1-l 8 years 
old) (110.4 vs. 6.9. P <O.OOOi). The incidence of cardiomyopathy was lower in White 
466A ABSTRACTS - Pediatric Cardiology 
(8.6) than in Black (22.6, P <O.OOOl) or Hispanic children (23.8, P <O.OOOi). Boys had a 
higher incidence of cardiomyopathy than girls (13.1 vs. 10.4, P=O.OZS). A significant 
regional difference was noted (New England = 14.2 vs. Central Southwest = 10.6, 
P=O.Oi 0). When divided by functional type, we found that 40% of the incident cases were 
hypertrophic, 49% were dilated, 3% were restrictive or other types, and 8% were unspec- 
ified. Incidence did not change significantly ovw the three years of study. Conclusion: 
The incidence of pediatric cardiomyopathy has been established for two large regions of 
the U.S. Most cases are identified at an early age and differences due to gender, region, 
and ethnic origin exist. 
1180-197 Effect of Race on Mortality for Congenital Heart Surgery in 
Children May Reflect Unequal Access to Care 
Paola C. Gonzalez, Kimberlee Gauvreau, Jaimee A. DeMone, Gary E. Piercey, Kathy J. 
Jenkins. Children’s Hospital, Boston, MA 
Background: Racial differences in survival after congenital heart surgery could be due 
to biological differences or unequal access to care. To explore this further, we analyzed 
discharge abstract data in children ~18 years from 4 states in 1996 (CA, MA, NY, and 
PA). 
Methods: Cases of congenital heart surgery were identified using ICD-B-CM codes. 
Potential differences in in-hospital mortality among racial groups were explored. A previ- 
ously established risk adjustment method was used to place patients into 6 risk catego- 
ries and adjust for additional clinical factors using generalized estimating equations. 
Analyses stratifying by state were used io Identify regional differences. 
Results: Of 5791 surgical cases identified, 4822 (83%) matched to a risk category and 
were analyzed further. Overall in-hospital mortality was 4.5%. Race was not coded in 
238 cases (4.9%). In unadjusted analyses, surgical mortality differed for Whites com- 
pared to non-Whites (3.7% vs. 5.1%, p=.OZ). Among non-White groups, unadjusted mor- 
tality rates did not differ: Asian 5.3%, Black 4.1%, Hispanic 4.9% (p=NS). After risk 
adjustment, mortality rates remained higher for non-Whites (p=.Ol). Adjusted mortality 
differences by race were not consistent, but varied by region. Compared to Whites: 
Asians had a higher risk of dying in PA (odds ratio (OR) 9.3, p=.OO2), but nd in other 
states; Blacks had a higher risk of dying in MA (OR=5.4, p=.O4), but lower in PA (ORe0.4, 
p=.OO9): Hispanics tended to have a higher risk of death in both CA (0R~l.6, pz.06) and 
NY (OR=1.7, p=.O5). Adding insurance type to multivariable models reduced, but did not 
eliminate, the effect of race in most states. 
Conclusion: In analyses adjusted for baseline clinical differences, non-White groups had 
a higher risk of dying after congenital heart surgery than Whites. Inconsistent effects 
among regions suggests that differential mortality is due to unequal access to care 
among racial groups in some regions, rather than biology. 
1180-198 Racial and Geographic Disparities in Timing of Bidirectional 
Glenn (EDG) and Fontan Stages of Single-Ventricle 
Palliation 
Angelo S. Milazzo, Jr, Brenda E. Armstrong, Jennifer S. Li, Stephen P. Sanders. Duke 
University Medical Center, Durham, NC 
Background: In adults, race-based disparity in access to coronary artery bypass and 
angioplasty has been clearly documented. Racial differences in cardiac care for children 
with heart disease have not been evaluated previously. Methods: We analyzed timing of 
the BDG stage and completion of Fontan stage of single-veniricle palliation as a function 
of race and geographical region in child”?” at Duke University Medical Center (DUMC) 
from 1997-2000 and nationally using the Health Care Utilization Project (HCUP) 1996 
Nationwide Inpatient Sample. The HCUP database does not include data from DUMC. 
We selected these procedures because the timing is more standardized than for most 
other congenital heart procedures. Results: At DUMC, the median age at Glenn and 
Fontan for African-Americans (AA) was significantly greater and more variable than for 
Whites (W). Despite its inherent limitations as an administrative database, the HCUP 
1996 data from ihe Southern region of the US showed a similar trend in timing of BDG 
and Fontan. In contrast, HCUP data from the US excluding the Southern region showed 
no difference in median age at BDG and Fontan for African-Americans and for Whites. 
Conclusions: African-American children at DUMC undergo staged palliation for single 
ventricle at a later age and wiih more variability in age than do White children. This trend 
appears to be characteristic of the southern US. Further investigation is needed to deter- 
mine possible causes of these race-based differences in health care delivery. 
‘p values based on median ages 
Age at BDG (mos) [mean&D/median] Age at Fontan 
AA, DUMC 13.8+10.8/11 (n=ll) 106.8k84.0160 (“=9) 
W, DUMC 5.6&2.3/5 (n=29) 45.6~36.0136 (n=18) 
P* 0.01 0.005 
AA, Southern US 22.4+37.1/12 (n=9) 36.0149.1i24 (n=18) 
W, Southern US 8.4*4.9/7 (n=18) 19.2+18.7/12 (1x30) 
P’ 0.17 0.30 
AA, all other US regions 14.2+11.0/12 (1x6) 34.1_t54.0/12 (n=13) 
W, all other US regions 16.5+18.3/12 (“=22) 26.4&22.2/24 (n=75) 
P* 0.98 0.54 
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1180-199 Transplant Coronary Artery Disease in Pediatrics: Favorable 
Outcome With Medical Therapy 
Mark M. Boucek, Henry M. Sondheimer, Dunbar Ivy, Elizabeth M. Shaffer, Chris 
Mashburn, Darcy W. Ripe, Deborah J. Gilbert, Trischa E. Kyle, David N. Campbell, Biagio 
Pietra. University of Colorado Health Sciences CenterRhe Children’s Hospital, Denver, 
CO 
Transplant coronary artery disease (TCAD) is an infrequent but devastating complication 
folIOWing pediatric heart transplantation (transp). The usual therapy for children who 
develop significant TCAD has been w-transplant. Since “?-transplant carries a high mor- 
tality, we reviewed all patients (n=14) with TCAD of whom one underwent retransplant 
and 13 patients were treated for TCAD with a medical scheme based on rejection ther- 
apy. TCAD was diagnosed in a total of 14 otherwise stable patients by invasive tech- 
niques [anglography (9), ultrasound (IVUS) (4), or flow reserve (l)] at routine post transp 
evaluation. These patients represent 8% of the overall transp population. TCAD was 
severe in 7/14 (50%). The mea” age at transp was 7.5+/-6 years and TCAD was diag- 
nosed 3.8+/-2.4 years post transp. Medical therapy (n=13) consisted of acute rejection 
treatment with anti T-cell antibodies and substituting mycophenolate mofetil for azathio- 
prim?. Thirty-eight percent (5/13) were changed from cyclosporine to FK506. Follow-up 
caths were performed within 3 months and progressive TCAD if present was again 
treated as acute rejection. The mean ISHLT biopsy score at the time of diagnosis of 
TCAD was 1.25. The mean number of total rejection episodes was 4.0+/-2Xpatient. The 
mea” follow-up duration was 2.7+/-2.1 years (range 0.3 to 7 years). All patients are alive 
(100% survival) and “one of the 13 medically treated patients has required re-transp. 
None of the patients have had syncope or ventricular failure. Six of 13 (46%) have shown 
regression of TCAD documented by angiography and/or IVUS with a mean reduction in 
percent stenosis of 58+/-24%, or resolution of TCAD by IVUS in two. Although the short 
term survival exceeds re-transp survival, late graft durability is still a concern. This report 
offers a rejection based medical treatment regimen for TCAD with encouraging follow up 
for as long as 7 years. 
1180-200 Quality-of-Life in Grown-Up Congenital Heart Disease 
Deirdre A. Lane, Gregory Y.  H. Lip, Teri A. Millane. University Department of Medicine 
and the Department of Cardiology, City Hospital NHS Trust, Birmingham, United 
Kingdom 
Background. It is apparent from clinical practice that the cardiac lesion is not the major 
problem in grow” up congenital heart disease (GUCH), while issues of quality-of-life 
(QOL) predominate. It was hypothesised that palliated and inoperable GUCH patients 
would have impaired QOL compared with other GUCH patients. Methods. The Short- 
Form Health Survey (SF-36), which assesses QOL, was completed by 276 (58.5%) 
GUCH patients (115 men). Mean (SD) age was 32.8 (9.8) years (range 16-69 years). 
Results Clinical management, N (% male) 
Mean (SD) Surgical, CUred S”rgiCal’ Surgical, paIll- Medical70 Medoal, inoperable 
68 (31) 105 (47) Edf?d (43) 10 (40, 
23 (48) 
Age (years) 34.1 (12 0) 32 7 (8.2) 31.7 (7.7) 31 7 (10.2) 33.4 (9.6) 
Physical functioning 77.1 (27.8)e 82 P (22.4)e 69.1 (27.p 85 8 (21.2)‘e 39.1 (30.4)“b”d 
(W274, 
Social functioning 735 (28.4)d 82.0 p.qe 79.3 (24.0) 85.9 (24.3)a” 58.8 (29.5P 
(“174) 
Mental health 64.8 (22.4)bd 73.6 (17 By 65 9 (20.8) 76.7 (17 3)a” 56.8 (14.2)d 
jn=*75, 
Energy/Vitality 53.2 (26 1) 61.5 (23.s)e 56.3 (22 0) 63.9 (21 .qe 35.0 (22.5)bd 
(rl=275) 
Pal” 79.1 (28.0) 82.3 (24.6)’ 86 0 (~21.8)~ 81 .a (25 9) 58.9 (34 4p 
@=273, 
Genera, health per- 58.2 (27 !3p 64.7 (27.o)e 57.3 (26.4)e 67.4 (24.3)e 26.9 (20.8pd 
ceptlon (n=275) 
* may require operation; significantly different from a surgically cured group, b surgical 
may require operation group, ’ surgically palliated group, d medical group, e medically 
inoperable group. 
Medically inoperable patients had significantly poorer physical functioning and general 
health perceptions than all other patients. Surgically cured patients had poorer social 
functioning than medical patients, and poorer mental health than both medical and surgi- 
cal patients who may require future operations. Surgically palliated patients did not differ 
from other surgical patients I” any domain of QOL. Conclusions. QOL is extremely 
poor among GUCH patients with inoperable conditions. Objective assessments of QOL 
should be routinely undertaken and appropriate interventions developed to improve 
QOL. Particular attention should be focused on GUCH patients with inoperable condi- 
tions. 
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1213-197 Improved Electrocardiographic Identification of the Long 
QT Syndrome 
Arthur Garson, Jr.. Naomi J Kertesr, Jeffrey A. Towbin. Baylor College of Medicine, 
Houston, TX 
Dogma has held that measurement of the QT  interval in lead II provides the best ability to 
identify patients with the long QT  syndrome (LQTS) on the electrocardiogram (EGG). 
We hypothesized that there was an optimal lead, or leads, in which to measure QT.  and 
that other standard ECG parameters might provide improved identification of those with, 
and without, LQTS. We measured ECGs in 80 normals(l0 in each of 8 age groups from 
birth to age 60 years) for Q-T onset, Q-Peak of T  (QTP), QT,  T  duration in each of 12 
leads (48 measurements /ECG). corrected for cycle length, and calculated dispersion. 
Measurements were made by one of us (AG) with calipers on standard ECG (25 mm/  
set) wth a precision of 10 msec. The mean + 2 SD defined upper limit of normal. We 
performed the same measurements on 20 blmded ECGs 14 patients with genetically 
proven LQTS (9 KVLQTl and 5 HERG gene mutations),and 6 normals. If the iead-spe- 
cific QTc was prolonged in either lead I or V6, 100% were abnormal, as was the maxi- 
mum QTPc; OTC in lead II was only 79% abnl, ,maximum QTc 71% and QTc dispersion 
43%. 
Normal 4.7d Ed-lm 2-12m 1-2~ 3-10~ 11.15y 16-30~ 31.7oy 
QTc V6 0.46 0.44 0.44 0.44 0.45 0.46 0 44 0.44 
QTPc Max 0.39 0.39 0.37 0.43 0.39 0.37 0.37 0.35 
QT  and QTP were then measured on an additional 50 test ECGs, blinded for identifica- 
tlon, including 18 with clinical LOTS without genetic identification. Sensitivity was 100% 
for abnormal QTc in leads V5 and V6, 94% for I, II and aVF (less for other leads); and 
100% for max QTPc. Specificity was 100% for I, V5 and V6, but 96% for aVF and 34% for 
II, In conclusion: 1. There are significant differences in ECG measurements of repolar- 
ization, not only by age, but also by lead; 2. When these normal values are applied to 
patients with LQTS and normal individuals, the QTc in leads I and V6 is superior to lead 
II or the max QTc in any lead; 3. The maximum corrected Q-Peak of T  is a readily avail- 
able measurement by hand and provides additional information. Given the difficulty !n 
measurement of the end of the T  wave by both human and computer readers, the QTPc 
should be tested on large digitized data sets ia determine if automated measurement 
programs can provide improved discrimination between those with LQTS and normals 
1213-I 98 Mortality and Causes of Death in LQTI and LQT2 Type of 
Long QT Syndrome Based on Systematic Survey in Finnish 
Pedigrees 
Heikki Swan, Kirsi Piippo, P&iv Laitinen, Kimmo Kontula, Matt Vlitasalo, Law Toivonen. 
Helsinki University Department of Medicine, Helsinki, Finland 
Background: Members of genetically defined Finnish LQTS families have undergone 
systematic screening for the LQTS mutation. Comprehensive national registries offer 
opportunity to identify all births and deaths in Finnish pedigrees thus enabling analysis of 
mortality in them. Methods: In each family, the entire offspring of an affected grandpar- 
ent born between 1890-1915 was traced. To identify all born and deceased individuals in 
these families since 1948, we utilized national population registry which covers all births 
and deaths in the country. The causes of death were investigated using national mortality 
registry and autopsy reports. Kaplan-Meier survival analysis was perfomed for both 
genetically verified and potential mutation carriers born after 1947. Results: The total of 
374 study subjects (mean age 28+15 years) comprised of 249 individuals alive with 
G589D mutation of KCNQ1 gene (iQTl-FIN), 44 with other KCNQl mutations (LQTl) 
and 56 with HERG mutations (HERG). In addition, LQTl-FIN families had 20, other 
LOT1 families 3 and HERG families 2 succumbed members who were definitive or poten- 
tial LQTS gene carriers. After exclusion of traffic accidents (n=3), hem&logical malig- 
nancies (n=3), intoxications (n=3), severe infections (n=3), perinatal complications (n=2), 
progressive muscle dystrophy, complication of surgery and suicide (all n=i): there were 8 
cases of sudden death which were likely or potentially arrhythmia-related. Five of them 
were LQTS gene carriers; in three cases, carrier status could not be determined. Cumu- 
lative arrhythmia-related mortality by the age of 45 years was in KCNQI-FIN mutation 2 
%, in other KCNQl mutation carriers 7 % and in HERG group 2 %. Out of 7 deaths in 
KCNQl families, submersion was cause of 3 and sudden infant death of one death. One 
was associated with the use of thloridazine. The succumbed HERG patient was a 
homozygous carrier of the mutation. Conclusions: In the absence of known risk factors 
for arrhythmias, fatal arrhythmias are infrequent among Finnish LQTl and LQT2 type of 
LQTS patients. These findings emphasize the avoidance of QT  interval prolonging drugs 
and swimming as the primary preventive measures in asymptomatic LQTI type of LQTS. 
1213-199 Potential Errors in the Measurement of the QT Interval 
Thomas W. fliQQS. William Beaumont Hos~ifal, Royal Oak, Mi 
Background: Accurate meaxmement of QT  and R-R’ intervals with a computer inter- 
faced digitizer tablet would allow analysis of the effect of measurement errors to produce 
a false positive or false negative prolonged QTc. Methods: Dynamic exercise EKGs 
were obtained from 87 normal children and adolescents and measurements taken pre- 
exertion and at the completion of Stages I-IV. A digitizer tablet interfaced to computer 
software was used to measure the R-R’ and Q-T Intervals. The reproducibility of the QT  
and R-R’ measurements was examined and simulations of the effect of measurement 
errors to produce false-positive and faise negative results were determined. The relation- 
ship between the R-R’ and QT  was examined using linear, cube-root, logarithmic and the 
standard square-root correction of R-A’. Results: The reproducibility of the measure- 
ments was excellent for both the R-R’ (r = 0.999) and the QT  interval (r = 0.980). The 
effect of measurement errors of the QT  and R-R’ upon the QTc was simulated. At a true 
QTc value of 425 msec, errors of 15 and 10 msec (respectively) in the QT  and R-R’ can 
result in a false-positive diagnosis of prolonged QTc, particularly at heart rates greater 
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1213-I 95 Balloon Aortic Valvuloplasty in Neonates and Young 
Infants; Immediate Results, Mid-Term Outcome, Predictors 
of Success, and Need for Reintervention 
Thomas K. Jones, Troy A. Johnston, Geoffrey L. Rosenthal, Brian W. Duncan, Flavian M. 
Lupinetti. Chlldrenb Hospital and Regional Medical Center, Seattle, WA, University of 
Washington, S&t/e, WA 
Background: In 1993 we adopted a uniform policy of balloon aortic valvuloplasty (BAV) 
as initial treatment of all newborns and young infants with severe aortic valve stenosis. 
Methods: Retrospective review of all 45 patients treated by BAV tram 4193 4100. 
Results: Age: O-58 (36) days. Weight: 1 .I - 6.3 (3.5) kg. BAV successful in all patients. 
Systolic gradient reduced from 70 i 23 to 19 f 8 ton (p i .OOOl). Femoral artery was 
used in 43 and UAC in 2. Two major and 6 minor complications were noted. No blood 
transfusions were required. Assowted lesions were common: coarctation aorta (9), 
interrupted aortic arch (1), VSD (1) and severe mitral stenosis (1). Surgery for COA or 
IAA was performed in the neonatal period for all 10 patients, 6 before and 4 after BAV. 
There were 2 early and 2 late deaths not related to the BAV. Overall mortality: 8.8%. 
Excluding COA, the incidence offurther intervention was 42%, most common early inter- 
vention a repeat 5AV (9), most common late intervention: Ross procedure (10). Risk fac- 
tors for repeat BAV: younger age at BAV and higher initial gradient. Risk factor for later 
Ross procedure: moderate Al after BAV. Long term follow-up is available for 36141 
survivors. All patients are in good condition Echo results: peak gradient = 23.5 i 19.5 
(mean 16 i 12) torr, residual Al is 0-tr in 9, I+ in 19, 2+ in 7 and 3t in 1. Two patients 
were referred for Norwood or DKS/shunt after BAV. Both have undergone successful 
BDG and await Fontan completion. When these patients and the two who suffered late 
death are reviewed, LV volume and morphology including presence of EFE, aortic annu- 
lus size, presence of coarctation and severe mitral stenosis are risk factors for a sub opti- 
mal outcome. Conclusion: BAV can be performed in newborns with good results even 
when coarctatlon of the aorta exists. Reintervention for the aorlic valve is common. 
Early repeat BAV can provide additional successful palliation. Patients with progressive 
Al or persisienr AS can undergo the Ross procedure beyond early infancy with good 
results. lnltial BAV does not preclude a successful conversion to Norwood repair. 
Severe MS or persistent PHT with small LV and EFE preclude successful biventricular 
management 
1213-196 The New Doublestrut Stent: In Vitro Evaluation of Stent 
Geometry Following Over Dilation and Initial Clinical 
Experience in Congenital Heart Disease 
Frank F. Ing, James W. Mathewson, Mark Cocaiis, Stanley E. KIrkpatrick, Kathleen 
Maginot, James C. Perry. Children’s Hospital of San Diego. San Diego, CA 
Background: The flew intrastent Doublestrut stent (DS) is FDA-approved for biliary use, 
but was found to have features which may benefit pts with congenital heart disease 
(CHD). It has an “open-cell system” designed for greater flexibility and can be dilated up 
to 12 m m  diameter, but preliminary studies suggest that it can be overdilated to I8 mm.  
Methods: In order to determine if this stent (S) is useful in CHD (dilatable to 18 m m  
diameter), in vitro evaluation was first performed by serially overdllating the DS from 12 to 
16 m m  diameter S dimensions and cell geometry were evaluated. Clinical trials were 
started only after benchwork testing demonstrated S expansion up to 18 m m  diameter. 
Cath lab data and S dimensions were evaluated. Results: In-vitro testing demonstrated 
26.33% foreshortening when the 26mm DS was expanded directly to 18 m m  diameter. 
tlowever, when serially dilated with progressively larger balloons up to 18mm, S fore- 
shorten was not noted due to change in the geometry of each cell. S length was malt?- 
tained by length-wise separation between the rows of “open-cells”. Between 4100 and 91 
00, 13 pts with CHD underwent implantation of 21 DS. The median age and wt of the pts 
were 3.0 yr. (range 0.4-21.3) and 2i.9 kg (range 5.4 -66.2) respectively. All S were 
Implanted with 6-15 m m  diameter balloons via 7-9 Fr sheaths. 20 of 21 S were implanted 
successfully. The mean gradient decreased from 28.8 ;t 14.8 mmHg to 4.8 f 4.9 mmHg 
and mean minimum diameter increased from 5.1 r 2.6 m m  to 8.9 i 3.2 m m  (pcO.05). The 
RV to FA pressure ratio decreased from 65.4 +17.3% to 47.1 r 13.6% (pcO.05). One S 
was partially dilated before circumferential balloon rupture resulting in surgical removal 
and PA-plasty. In the OR, it was felt that the spicules on the heavily calcified homograph 
rather than the S was the culprit. Other complications included 4 pinpoint balloon rup- 
tures at the end of inflation after the S was fully expanded. Careful inspection of the 
angiograms indicated that S length did not have measureable foreshorlening in ail cases. 
Conclusion: The new DS can be overdilated to 18 m m  diameter. Foreshortening was 
not seen when dllated up to 15 m m  in viva and serially up to 18 m m  in vitro. This S can 
be used safely and effectively to treat pts with CHD. 
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than 110 bpm. At a true QTc of 460 msec, the same magnitude of undermeasurement 
could result in a false-negative classification, also at heart rates faster than 110 bpm. The 
relationship between Q-T and R-R’ was described least well by a linear model, i = 0.911 
and best by a log model, I = 0.945. The standard square root correction (r = 0.932) and a 
similar cube root correction (r = 0.938) yielded correlations intermediate between the lin- 
ear and the log models. Conclusion: The relaiionship between Q-T and R-R’ intervals is 
clearly non-linear and a logarithmic model appears to describe this relationship better 
than the standard square-root correction formula. Relatively small measurement errors in 
the QT  and R-R’ can result in false-positive or false-negative errors in the diagnosis of 
prolonged QTc, particularly at faster heart rates. 
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1246-196 Aortic Root Dilation and Aortic Regurgitation following the 
Arterial Switch Procedure for Transposition of the Great 
Arteries 
Colin J. McMahon, Grace C. Kung, Carrie A. Altman, Nancy A. Ayres, William J 
Ravekes. Baylor College of Medicine/i&as Children’s Hospital, Houston, TX 
Purpose Prior studies limited to early follow-up for arterial switch operation (ASO) for D- 
transposition of the great arteries (DTGA) have shown moderate aortic root dilation and 
aortic regurgitation. We report short and intermediate term follow-up of the aortic valve 
(AoV), aortic root size and relationship with aortic regurgitation (AR). Methods Texas 
Children’s Hosp echo database was reviewed from 5/86 to 7/99. Inclusion criteria were 
all pts wth II-TGA with &w/o VSD and minimum 6 mth f/u after an ASO. Exclusion crite- 
ria were D-TGA in assoc with other complex lesions, pts who did not have an ASO. The 
most recent echo was reviewed for AoV and root diameter, Z score, and presence of AR. 
Qualitative descriptors of AR were quantified as none=O,triv=l,mild=Z,moder- 
ate=3,severe=4. The degree of root dilation was deiined as none to mild (z score<3) 
moderate (z score3-5) severe (Z scorez5). The Z score for the AoV, root and the degree 
of AR was assessed for the group and for each pt. The mean Z scores were compared to 
that of the normal population. The degree of AR was compared to the severity of root 
dilation. Results Study grp comprised 94 pts. The mean duration of f/u was 61.8 mths 
(range 7-165 mths). The mean AoV Z score was sig inc 1.55 +2.11 (p<.O5)vs normal 
population. The mean root Z score was sig greater than nl with a greater degree of dila- 
tion, mean 2 score 3.87 r 2.32 (pc.01). The overall degree of AR for the study grp was 
trivial, mean score 1.02 + 38. In the 24 pts with severe root dilation there was sig. 
increased AR 1.46 t 1.02 (pc.01) compared to the whole study grp. Comparison of the 
pts with severe vs just moderate root dilation (AR score .9i ? .78) also showed signifi- 
cantly worse AR in the severly dilated grp (pc.05). There was no difference between the 
none-mild vs moderate grps Conclusions In our pts at mean 62 mths following the AS0 
for D-TGA there is significant dilation of the AoV and root. The degree of root dilation is 
worse than the AoV. 25% of pts had severe root dilation. Pts with severe root dilation 
have sigmficantly inc degree of AR. AoV size does not correlate with AR. Close, serial fol- 
low-up after AS0 is necessary to monitor for aortic root and AoV dilation and the devel- 
opment of aortic regurgitation. 
1246-197 Institutional Factors Associated With Risk-Adjusted 
Mortality for Congenital Heart Surgery 
Gael M. Westall, Leconte .I. Dill, Kimberlee Gauvreau, Kathy J. Jenkins. Children’s 
Hospital, Boston, MA 
Background: Variable institutional mortalrty rates have been described after congenital 
heart surgery. Institutional case volume has been inconsistently associated with higher 
mortality. Using risk-adjusted analyses, we used 1996 discharge abstract data from 6 
states to identify additional explanatory factors. 
Methods: Cases of congenital heart surgery in children <18 years of age were identified 
using ICD-g-CM codes. A previously established risk adjustment method placed cases 
into 6 risk categories and adjusted for additional clinical factors. For insiltutions with >l 
expected death, standardized mortality ratios (SMR=observediexpected deaths) were 
used to classify institutions as above, at or below average mortality. Selected variables 
from the 1996 American Hospital Association survey were examined for each group. 
Results: Of 7177 cases identified, 5878 matched to a risk category. Caseloads at 39 
institutions with rl expected death ranged from 31-587, median 101. Overall mortality 
was 5.8%, institutional range 2.5-l 1.9%. After SMR computation, 7 institutions were 
classified as below, 23 at, and 9 above average mortality Institutions with below average 
mortality were more likely to be designated as Children’s Hospitals (p=.OO5) and to have 
more pediatric beds (p=.OO4); those with average mortality were more likely to have more 
adult beds (p=.O3) and to provide cardiac intensive care services (p=.O2); those with 
above average mortality were more likely to participate in integrated salary models for 
their physicians (p=.O3). Non-significant variables included membership in a health cars 
system or network; transplant certification; or on site obstetric cars. There was a border- 
line relationship with pediatric cardiac surgical volume: above average median caseload 
68; average 114; below average 204 (p=.O9). 
Conclusion: Among multiple institutional variables examined, designation as a Chil- 
dren’s Hospital and pediatric bed size were associated with below average mortality after 
congenital heart surgery. 
1246-198 Neoaortic Elastic Properties After Norwood Operation 
Patrick D. Coon, RitaT. Novello, Meryl S. Cohen, William T .  Mahle, Jack Rychik. The 
Cardiac Center at The Children’s Hospital of Philadelphia, Philadelphia, PA 
Background: Abnormalities in elastic properties of the aorta alter flow mechanics and 
may deleteriously impact upon semilunar valve function, coronary perfusion and ventricu- 
lar performance. Objective: To assess elastic properties of the reconstructed aorta fol- 
lowing Norwood operation (NO). Methods: Twenty asymptomatic patients with arch 
reconstruction as part of NO (age 5.4 i- 4 yr.) were prospectively imaged wng transtho- 
racic echocardiography and compared to 25 age-matched controls. All NO patients had 
cavopulmonary surgery. Maximum and minimum cross sectional areas (A) of the trans- 
verse aorta were obtained via automated border detection techniques. M-mode diame- 
ter (d) of the transverse aorta, and sysiolic (syst), diastolic (diast) and mean arterial 
pressures (BP) were measured. Aortic distensibility (dist) was calculated as 2(dmax- 
d,,,)-d,,,(BP,yst-BPdias3 and compl!ance (camp) as (Amax-Amln)+ BP,,,,. Resuks: 
Patients after NO had significantly lower dist than normal. Both Amax and A,,, were 
greater after NO, however compwas no different (see table). Conclusions: In compari- 
son to normal, the reconstructed aorta after NO is dilated and exhibits poor dist. Due to 
the. increased size, small changes in caliber of the reconstrucied aorta result in area 
changes that are equal to normal, hence camp is no different. Absence of normal aortic 
1213-200 WPW in the Pediatric Population: Are We Assessing Risk 
Adequately? 
Anne M. Dubin, Kathryn K. Collins, Nancy Chiesa, Debra Hanisch. George F. Van Hare 
Stanford University, Palo A/to, CA, UCSF; San Francisco, CA 
In adults with WPW, the incidence of sudden death is drastically altered by the presence 
or absence of symptoms (Z.Z%/yr vs. O.i%/yr). Comparable data in children do not exist. 
Invasive risk stratification has been used to guide management regarding radiofrequency 
ablatioin (RFA) in symptomatic children (Sx). As the safety of electrophysiology studies 
(EPS) and RFA in children has improved, asymptomatic patients (Asx) have been 
referred more commonly for invasive risk stratification. One would expect that ASX would 
have significant differences in invasive measurements as compared to Sx. We sought to 
compare the EPS findings of Asx with Sx. We reviewed all 100 patients with WPW stud- 
ied by EPS at UCSF and Stanford University from April of 1999 to August of 2000. The 
patients were divided into three groups: Group I, Asx studied for risk stratification (21 
pts), Group II, patients who presented with syncope (11 pts) and Group Ill, patients with 
documented SVT (68 pts). Data were collected for commonly accepted invasive risk 
stratification criteria: APERP ~270 msec, multiple pathways, septal location of pathway 
and SVT inducibilitv. Grows were cornoared bv chi-sauare. No differences were found 
between the groups for ani of the variadles or dr induclbility of S/T 
Group I Group II Group Ill p value 
APERP< 270 msec 7121 (33%) 3/l 1 (27%) t 8168 (26%) NS 
Inducible SVT 12/21 (57%) 7/11 (63%) 46/68(71%) NS 
Multiple AP 3121 (14%) l/l 1 (9%) 6168 (9%) NS 
Septal AP 8121 (38%) 4/l 1 (36%) 24/66(35%) NS 
Conclusions: Commonly performed invasive EP assessment of risk in children may not 
distinguish between groups which are defined by well established clinical criteria regard- 
ing symptoms. These data suggest that the risk of sudden d&h in Asx children may be 
higher than previously suspected. 
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1246-195 Histology of the Aorta, and Aortic Root Dilatation in Adults 
With Tetralogy of Fallot 
Roberto Zecchel, Sew Yen Ho, Periklis A. Davlouros, Michael A. Gatzoulis. National 
Heart and Lung institute and Roya/ Brompton Hospital, London, United Kingdom 
Background: Aorlic root dilatation -with or without aortic regurgitation- is a well- 
described feature in patients with Tetralogy of Fallot and pulmonary stenosis or atresia, 
contributing to late morbidity. Increased aortic stroke volume, particularly in patients with 
Pulmonary Atresia, is thought to be the main pathogenic mechanism. We hypothesised 
that intrinsic abnormalities of the aorta are also contributory to aortic dilatation.We evalu- 
ated histologic changes in the aortic wall and its powble relationship with aortic dilata- 
tion seen in adult patients with Tetralogy of Fallot. 
Methods: We examined clinical, echocardiographic and histologic data of all adult cases 
of Tetraiogy from our cardiac morphology database. Aortas were studied by light micros- 
copy using haematoxylin-eosin, elastic van G&on and alcian blue stains. Cystic medial 
necrosis, fibrosis and elastic fragmentation were classified from O=absent, l=mild, 
2=moderate and 3=severe. 
Results: Nine cases of Tetralogy (6 pulmonary atresisI3 pulmonary stenosis) who died 
at a median age of 45 (range 20-57) years were identified. Cystic medial necrosis 
changes > 2 were present in 3 (33%) patients (1 with pulmonary atresia, 2 with previous 
repair). Aortic root diameter on last echocardiogram in these 3 patients was greater 
(4.5tO.5 vs 3.7+0.4cm, P=O.O2) compared to the remainder. Eight patients had also 
fibrotic changes > 2 in the aorta (6 of them with Elastic fragmentation > 2). Cystic medial 
necrosis changes, found also in the ascending and descending thoracic aorta, were not 
related to age at death, presence of pulmonary atresia, previous repair and degree of 
aortic regurgitation. 
Conclusions: Cystic medial necrosis changes, similar to those seen in patients with 
Matian syndrome, are common in adult patients with Tetralofy of Fallot. These changes 
were seen in association with a larger aortic root on echocardiogram, and were not 
related to age at death and to different morphological or surgical substrates. Assessment 
of aortic root size should be part of the routine follow-up of adult patients with Tetralogy. 
JACC February 2001 
diastolic recoil may contribute to impairment of coronary perfusion and arterial pulse 
wave propagation. Analysis of elastic properties of the aorta may aid rn understanding 
late complications after NO. 
Aortic Elastic Properties 
Normals NO patients P 
A,,, (cm 2 1 1.5 f 0.73 2.9 i: 1.95 < 0.01 
A,,, (cm? 1.3 i 0.65 2.7 + 1.92 < 0.01 
Dist (cm’/dyn) 25.4 i 10.9 10.6 + 6.8 < 0.001 
Comp (cm”/dyn) x 10 -’ 2.7i.1.5 3.6 f 3.2 0.30 
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1246-199 Current Determinants of Death in the Arterial Switch 
Operation for Neonates 
Rene Pretre, Daniel Tamisier, Philipp Bonhoeffer, Philippe Mauriat, Philippe Pouard, 
Daniel Sidi, Pascal R. Vouhe. Groupe Hospifalier Necker Enfank Malades, Paris, France 
Background: The success of the arterial swatch operation - the best palliative operation 
for transposed great arteries - has long been conditioned by the transfer of the coronary 
arteries and by associated cardiac malformations. We sought to quantify the incremental 
risk determined by suspected unfavorable factors. Methods: Retrospective analysis of 
432 arterial switch operations performed on neonates from 1987 to 1999 (our entire 
experrence), and univariable analysis of factors suspected to influence early mortality 
(death within E months after operation). Early experience included the first quarter (108 
pts) of patients. Follow-up was updated this year in 412 patients. Results: Cumulative 
survival rate was 94 f 1.2 % at 10 years. Death occurred in 26 patients (all within the first 
6 months), mostly because of myocardial ischemia (16 pts). Early experience, unfavor- 
able coronary artery patterns (course between the great arteries or intramural course), 
and hypopiasia of the right ventricle or of the aortic arch were significantly associated 
with increased mortality In recent experience (324 pts), 12 patients dred. Although the 
pattern of coronary artery no longer appeared as an incremental risk factor, the major 
cause of death was still an obstruction of the coronary arterres (7 pts). Hypoplasia of the 
right ventricle or aortic arch remamed sigmficant risk factors. Small werght (< 2.5 kg) had 
a trend (p = 0.09) for increased mortality throughout experience. Conclusion: If progress 
in the relocation of the coronary arteries have annihilated the incremental risk of “nfavor- 
able patterns, coronary artery obstruction remained the main cause of early death 
throughout our experience and currently account for a baseline mortality of 2 percent. 
Hypoplasia of the right ventricle and hypoplasia of the aortic arch are presently the most 
powerful determinants of early death and deserve an increased attention. 
1246-200 Arrhythmias and Sinus Node Dysfunction After Intra-Atrial 
Lateral Tunnel Versus Extracardiac Conduit Fontan 
Procedures 
Muhammad Dilawar, Seshadrr Balaji, Martha Stroud, J. P Saul, Scott M. Bradley. Medical 
Unwersity of South Carolina, Charleston, SC 
Background: Atriai arrhythmias occur frequently after the Fontan procedure. Although it 
has been hypothesized that the extracardiac conduct (ECC) Fontan may lead to fewer 
arrhythmias than the intra-atrial lateral tunnel (ILT), systematic comparisons are not avail- 
able. 
Methods: Abnormalities from EGG and 24-hour Halters were compared between 19 ILT 
and 19 ECC patients. Mean age at surgery was similar: 34+20 months (ILT) vs 4oi19 
months (ECC); however, mean follow-up was longer for ECC patients: 34?17 months vs 
18+18 months (ILT) (p<O.O5). All patients had “ndergone an intermediate surgical stage 
with either a bidirectional Glenn shunt (2 in the ILT and 12 in the ECC group), or a hemr- 
Fontan procedure (17 ILT and 7 ECC). 
Results: 4119 ILT patients (21%) and 10119 ECC patients (53%) had srnus node dysfunc- 
tion (SND) on ECG and Hoiter (piO.05). Of those, no ILT, but 4 ECC patients required 
pacemaker placement for symptomatic bradycardia (p<O.O5). All 4 of the ILT patients 
with SND had undergone hemi-Fontan, while of the 10 ECC patients with SND, 4 had 
undergone hemCFontan and 6 had a bidirectional Glenn. No patient in either group had 
documented or suspected tachyarrhythmias. 
Conclusions: Despite the theoretical advantages of ECC in preventing arrhythmias, in 
thus small patient group, both asymptomatic and symptomatic SND were significantly 
more frequent after ECC compared to ILT. Further studies wrth equivalent follow-up are 
needed to compare these 2 surgical approaches before one can be considered superior 
to the other for arrhythmia prevention. 
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1279-195 Inhibition of K+ Channel Activity in Pulmonary Artery 
Smooth Muscle Cells by Serum From Children With 
Pulmonary Hypertension Secondary to Congenital 
Cardiopulmonary Diseases 
Alisa Limsuwan, Oleksandr Platoshyn, Abraham Rothman, Lewis J. Rubin. Jason X. J. 
Yuan. UCSD Medical Center. San Diego, CA 
A rise in cytoplasmic free CaZ+ concentration ((Ca2c)cyt) in pulmonary artery smooth 
muscle cells (PASMCs) is a major trigger for pulmonary vasoconstriction and an impor- 
tant stimulus for vascular smooth muscle cell proliferation. The activity of K+ channels 
controls the membrane potential (Em), which subsequently regulates (CaP+)cyt by gov- 
erning the activity of voltage-dependent Ca2+ channels. Whether the serum from chil- 
dren with p”lmonary hypertension sencondary to congenital cardiopulmonary diseases 
contains factors that inhibit K+ channel function in PASMCs was rnvestigated using patch 
clamp. PASMCs isolated from normal subjects were cultured in medra containing 5% 
serum either from normotensive patients (N) or patients with pulmonary hypertension 
(PH) secondary to congenital heart diseases or lung hypoplasia. Cell growth rate and 
whole-cell K+ currents (IK(V)) through voltage-gated K+(KV) channels were determined 
after 48 hrs and compared between N and PH. Pulmonary hypertension was defined as 
a mean pulmonary arterial pressure equal to or higher than 40% a mean systolic pres- 
sure. The normotensive group (n=8) included patients with congenital heart disease with 
normal pulmonary artery pressure and resistance. In the pulmonary hypertension group 
(n=3), 2 patients had significant left-to-right intracardiac shunts (1 with an inlet-type of 
ventricular septal defect and 1 with an atrial septal defect, ventricular septal defect and 
patent ductus arteriosus) and one had lung hypoplasra secondary to congerlitai diaphag- 
matic hernia. Cell growth rate was significantly increased by a mean of 40%, whereas 
amplrtude of IK(V) significantly decreased by 61% at +80 mV in PASMCs treated with 
serum from PH patients in comparison with PASMCs treated with serum from N patients. 
These results suggest that a circulating mitogenic agonists, which induces membrane 
depolarization and increases (CaP+)cyt by inhibiting Kv channel activity in PASMCs, is 
produced or up-regulated in pediatrrc patient with secondary pulmonary hypertension. 
1279-196 Early Development of Cytoskeleton Proteins in Human 
Heart: Subcellular Distribution of Beta-Tubulin and Desmin 
in Cultured Human Fetal Cardiac Myocytes 
Fuhua Chen, Kevin M. Shannon, Thomas S. Klitzner. UCLA School of Medicine, Los 
Angeles 
Background: Previous studies have shown the significant changes of these cytoskeletal 
proteins, especially of tubulin and desmin, in cardrac hypertrophy and heart failure. How- 
ever, the early development and distribution of the cytoskeleton proteins is unknown. The 
purpose of the present study. approved by the UCLA Human Subjects Protection Com- 
mittee, was to examine subcellular distribution of beta-tubulin and desmin in cultured 
human fetal cardiac myocytes (HFCM). Methods: Single isolated HFCM were obtained 
from 16 to 18.week-gestation human fetal hearts using enzymatic dissociation methods. 
Cells were then incubated in chamber slides at 37 degree C for 4-5 days. Indirect immun- 
ofluorescent labeling techniques were used to detect the subcellular distribution of beta- 
tubulin and desmin using primary m~n~clonal antibodies. Cells were incubated with Cy3 
conjugated goat-anti-human secondary antibodies. Results: We examined a total 9 of 
different cultured cell groups, with at least 50 cells studied in each group. Beta-tubulin 
was clearly labeled as thick-thread configurations, which were not transversed, but paral- 
leled to the long axis of cells. On the other hand, desmin seems evenly distributed inside 
the cytoplasmic areas at this stage of development, We also found that myosin heavy- 
chain proteins were well-stained in these cultured human fetal cardiac myocytes. How- 
ever, beta-tubuiin and desmin appeared to develop earlier than other cellular proteins, 
such as ryanodine receptors, which were not able to be distinctively detected on these 
cells. Conclusion: The finding from the present study provides evidence that beta-tubu- 
lin and desmin develop early in cultured HFCM. We speculate that the early presence of 
beta-tubulin and other cytoskeleton may be related to other cell structure development, 
such as t-tubules. The results from present result may also help us understand the role of 
cytoskeleton protein in fetal, infant and pediatric patients with heart failure. 
1279-197 Kinetics of Circulating Plasma Vascular Endothelial Growth 
Factor in Children With Kawasaki Disease 
Jun Furui, Masahiro Ishii, Hisao Ikeda, Teiji Akagi, Hirohisa Kate, Hirohisa Kate, Hirohisa 
Kato. Kurume Univ, Kurume, Japan 
Vascular endothelial growth factor (VEGF) is an angrogenic mrtogen that specifically tar- 
gets vascular endothelial cells. Kawasaki Disease (KD) is known as a multisystem vaecu- 
litis and coronary artery lesion (CAL) developed rn 5-10% of patients with KD. 
Approximately 10% of patients dose not respond intravenous immune globulin (IVIG) 
treatment and the CAL developed with high mcidence in those patients. Therefore, the 
purposes of this study are to determine whether VEGF might be wolved formation of 
CAL and to look for the evidence of direct relationshrp between the VEGF and severity of 
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coronary artery damage. Plasma levels of VEGF was measured with ELISA in 35 
patients with KD (median age 2.8) in before and after IVIG treatment. The 35 patients 
comprised 2 groups: Group 1 considered 20 patients who had well responded to the ini- 
tial IVIG treatment (median age 3.1). Group 2 considered 15 patients with IVIG resistant 
KD (median age 2.0). In Group 2, 6 patients had CAL. Twenty age matched control were 
measured (median age 2.8). Kinetics of circulating plasma VEGF in KD, VEGF level of 
subacute phase (382.9+80.9pg/ml) was significantly higher than acute phase 
(177.5+52.6pg/ml), and convalescent phase (155.7+52.0pg/ml). The plasma levels of 
VEGF in KD patients were significantly higher than those in control (Groupl:137~56.8 
pgiml and Group 2:115.6+59.7pg/ml, Control 66.7&.5 pglml, p<O.O5). The VEGF level in 
Group 2 tend to be lower that in Group 1 before initial IVIG treatment but not significant. 
Plasma levels of VEGF in Group 2 at 48 hours after IVIG administration were significantly 
higher than those in Group 1. (Group 1:113.6i25.2pg/mlvs.Group 2:429.4*105.8 pgiml, 
p<O.O5). Before IVIG treatment VEGF level in patients with CAL (85k.42 pg/:ml, “~6) tend 
to be lower than that in patients with no CAL (119.9+83.4 pglml, n=9), but not significant. 
The plasma level of VEGF in patients with CAL (829k.290 pgiml) was significantly higher 
than that of patients with no CAL(284+_65.8 pg/ml, ~~0.05) at subacute phase of KD. 
Conclusion: Our results suggested that VEGF was involved in the pathogenesis of KD, 
especially in the developing of CAL. The VEGF may have possibility to become useful 
predictor of CAL in patients with KD. 
1279-200 Acute Onset of Cyanosis induces Diastolic Dysfunction in 
Immature Lambs. 
Anirban Banerjee, Karug Gunasegaran, Santhinldevi Ramasamy, Sameh M. Arebi, 
Patrick O’Brien, Jonathan Rhodes, Natesa G. Pandian, Kenneth G. Warner. Tufts-New 
England Medical Center, Bosfon, MA 
1279-198 Cardiac Markers of Injury in Hemoglobinopathy Patients 
With Transfusion Hemosiderosis 
Emil Missov, William Men&r, Michel Laprade, Laura Quill, Nancy Sweeters, Paul 
Harm&z, Chris Camm, Elliott Vichinsky, Bernard Pau, Teresa De Marco. University of 
California San Francisco, San Francisco, CA, Children’s Hospital Oakland, Oakland, CA 
Background: In the immature heart, effect of acute hypoxemia on left ventricular (LV) 
stroke volume, cardiac output and pressures have been studied in the past by inhaling 
nitrogen enriched air, with low concentrations of fractional inspired oxygen. However, 
effect of acute hypoxemia and cyanosis created by a right to left, non-volume overloading 
shunt, on diastolic relaxation has not been studied, possibly due to lack of techniques. 
Methods: We studied 6 lambs (agtx7.1~1.8 weeks) and 5 controls. A model of controlled 
cyanosis was created, by an appropriate sized anastomosis between left pulmonary 
artery and left atrial appendage. Our previous studies have shown that this model does 
not produce LV volume overload. Myocardial pH was measured at the apex and base of 
LV with miniature glass-tipped electrodes. Time constant of relaxation (tau) was mea- 
sured as an invasive standard of LV relaxation, from micromanometer tipped catheter. 
Tissue Velocity Imaging (TVI) was performed at lateral annulus of mitral valve. Early dias- 
tolic (E’) wave recorded by TVI was used as a noninvasive index of myocardial relaxation. 
All measurements were performed 1 hour after creation of cyanosis and at constant 
heart rate of 130 bpm, generated by right atrial pacing. Results: The cyanotic model pro- 
duced moderate decrease in oxygen saturation (81*4.2%) and hypoxemia (50.2*4.9 
mmHg). It resulted in Impaired myocardial relaxation, although myocardial pH remained 
unaffected. 
Background: Iron overload invariably occurs as a result of transfusional therapy required 
to maintain an adequate hemoglobin level in hemogloblnopathy patients. The early 
detection of iron overload within the myocardium is clinically important as it may further 
improve the quality of life and the survival in these patients. In this study, we sought to 
determine whether highly specific markers of cardiac injury, cardiac troponin I (cTnl) and 
creatine kinase MB (CKMB) would provide evidence for myocardlal injury in chronically 
transfused patients with hemosiderosis. 
Methods: Seventeen patients (age, 15r3 years) with fi-thalassemia were enrolled. cTnl 
and CKMB wara measured in pre- and post-transfusion samples. cTnl was measured 
with a highly-sensitive immunoenzyme assay operating in the picomolar concentration 
range. CKMB, hemoglobin and serum ferritin levels were measured using routine labora- 
tory techniques. The liver iron content was assessed by quantitative computed tomogra- 
phy. The left ventricular ejection fraction (LVEF) was documented by echocardiography 
Results: Baseline hemoglobin and serum f&tin levels were 10.1+0.2 g/L and 1894+396 
ngimL, respectively. The liver iron content was 4.4+0.6 mg  Fe/cc wet weight. All patients 
had a normal LVEF of 0.62+0.03 after a median of 65 transfusions (25’h-75’” percentile, 
70-180). Seven patients (41%) had measurable cTnl (8.4&6.3 pg/mL). The serum ferritin 
level in these patients was greater than in patients with undetectable cTnl (2669k825 ver- 
sus 13512275 ng/mL, p<O.O5). A borderline significant correlation was found between 
serum ferritin and pre-transfusion cTnl (R= 0.47, p=O.O5), while post-transfusion CKMB 
levels correlated with the total number of red blood cell transfusions (Fi= -0.77, pcO.01). 
Conclusion: This study provides the first description of cTnl and CKMB in patients with 
hemosiderosis and normal LVEF. We prognosticate that serial measurements of these 
highly-specific cardiac markers of injury will have useful prognostic and iherapeutic impli- 
cations as they correlated with clinical and laboratory measures qf disease severity in 
children with transfusion-dependent P-thalassemia. 
Effects of acute cyanosis on indices of myocardial relaxation. 
Groups Tau (ms) E’ (cm/s) Apical Myocardial pH Basal Myocardial pH 
Control (n=5) 58.2 + 9.6 12.4 f. 3.4 7.00 f 0.15 7.04 + 0.18 
Cyanotic (n=6) 74.5 + 8.5’ 8.1 r 2.5’ 7.09 c 0.14 7.05 A 0.19 
unpaired Students t test, *p<O.O5. 
Conclusions: Our model produced acute, cyanotic hypoxemia in the immature heart 
without producing volume overload. An important conclusion of our- study was that acute, 
cyanotic hypoxemia resulted in acute impairment of LV diastolic relaxation, although myo- 
cardial pH was not significantly altered. Impaired relaxation was detected by both inva- 
sive and nonwasive indices of myocardial relaxation. Thus, an additlonal conclusion 
was that NI accurately reflected changes in rmyocardial relaxation in the immature 
heart. 
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Aortic Morphometry and Microcephaly in the Hypoplastic 
Left Heart Syndrome 
1279-199 Angiogenic Factors in Patients With Congenital Heart 
Disease 
Lazaros Kochilas, Jennifer C. Shores, Rita T .  Novello, Gil Wernovsicy, Robert R. Clancy, 
J. Willlam Gaynor, Thomas L. Spray, Jack Rychik. Children’s Hospital of PhiladeQhia, 
Philadelphia, PA 
Kenji Suds, Masahiko Matsumura, Setsuko Miyanishi. Tenri Hospital, Tenri, Japan, Term 
Medical Research Institute, Tenri, Japan 
Background; There is no data available concerning the change of angiogenic factors in 
patients with congenital heart disease. The purpose of this study is to determine serum 
concentration of vascular endothelial growth factor (VEGF) and hepatocyte growth factor 
(HGF) and hemodynamic variables that control serum level of these angiogenic factors. 
Methods; Forty patients with different types of congenital heart diseases (17 boys and 
23 girls; Sa02 61.98%; age 3 months to 13 years) were enrolled. During cardiac cathe- 
terization, blood samples were obtained at different great vessels and serum HGF and 
VEGF were determlned by radio-immunoassay. Hemodynamic variables were analyzed 
in terms of correlation with HGF and VEGF. Results; Serum HGF at femoral artery (FA) 
was significantly higher than HGF at femoral vein (FV) (2.19 * 2.67 vs. 0.42 f 0.44 ngiml, 
p=.OOO3). On the other hand, s?rum VEGF at FA was significantly lower than VEGF at 
FV (157 f: 139 vs. 340 ? 258 pgiml, p=.OOO7). In 9 patients in whom we could obtain 
blood samples at pulmonary vein (PV), HGF at PV was as high as HGF at FA (5.13 i: 
3.48 vs. 3.90 * 3.40 rig/ml, ns) and was significantly higher than HGF at FV (p=.OO2), but 
VEGF at PV was as low as VEGF at FA (109 k 204 vs. 152 i. 186 pgiml, ns) and was sig- 
nificantly lower than VEGF at FV (p=.OO2). Arterial oxygen saturation significantly nega- 
tively correlated with VEGF at FV (~=I175 - 9.3x, r2=.135, p=.O2), but not with HGF at 
any site. In acyanotic patients with Sa02 >= 92%, pulmonary to systemic flow ratio as 
well as pulmonary to systemic pressure ratio significantly positively correlated with HGF 
at FA (y=-.39 + 1.29x, r2=.23, p=.O3 and y=.22 + 3.24x, r2=.25, pc.05, respectively). 
Conclusion; This study indicates that, in patients with congenital heart disease, vascular 
endothelial growth factor and hepatocyte growth factor are mainly produced in different 
vascular beds in response to different stimuli. Vascular endothelial growth factor seems 
to be produced from systemic vascular bed in response to systemic hypoxemia, but 
hepatocyte growth factor seems to be produced from the pulmonary vascular bed in 
response to both volume and pressure overload to the pulmonary vascular bed. 
Background: Patients with hypoplastic left heart syndrome (HLHS) have an increased 
incidence of microcephaly and neuropathological findings at birth. Impaired cerebral per- 
fusion in-utero secondary to aortic hypoplasia has been suggested as a possible mecha- 
nism. Cerebral blood flow is normally antegrade into the aorta; however, in HLHS 
cerebral perfusion in late gestation is retrograde via the ductus arteriosus into a variably 
hypoplastic aorta. Aortic morphometry may reflect the relative timing of flow reversal. 
This may in turn influence brain growth and development. Objective: To investigate the 
relationship between microcephaly and aortic morphometry in HLHS. Methods: We ret- 
rospectively reviewed the echocardiograms of 73 neonates with HLHS. Diameters of the 
ascending (aAo) and transverse (IA@ aorta were measured three times and the average 
recorded. Measurements were made blinded to the head circumference (HC) values. 
The presence of microcepahly at birth was noted and defined as HC < tjth % for gesta- 
tional age. Results: Mean gestational age for all 73 neonates was 38.5k2.4 wks, birth 
weight 3153+641 gm. Microcephaly was present in 8 neonates (12.3%). Infants with 
microcephaly had a significantly smaller aAo than those with normal HC (1.9iO.7 m m  I/S 
2.6&l .2 mm,  p=O.O3), however, there was no difference in fAo (3.&l m m  vs 3.2+0.9 mm,  
p=NS). Conclusions: Neonates with HLHS and microcephaly had smaller aAo than 
those with normal HC. There was no difference in fAo between the groups. The presence 
of a smaller aAo in infants with microcephaly suggests that impairment of antegrade aor- 
tic flow in-utero may contribute to maldevelopment of the neurological system. The pres- 
ence of the smaller aAo also supports the hypothesis that flow impairment and 
microcephaly may be relatively early events in gestation at a time when antegrade flow is 
critical for brain growth, since retrograde flow via the transverse arch is preserved and is 
no different than in infants with normal HC. The impact of preoperative aortic morphom- 
etry on late neurological outcome of children with HLHS is worthy of further investigation. 




Does Superior Cavopulmonary Anastomosis Impact the 
Rate of Tricuspid Valve Annular Dilation in Hypoplastic Left 
Heart Syndrome? 
Erik C. Michelfelder, Thomas R. Kimball. Robert H. Beckman, III. Children’s Hospital 
Medical Center, Cincinnati, OH 
Background: Performance of a superior cavopulmonary anastomosis during staged pal- 
liation of hypoplastic left heart syndrome results in a reduction in the volume load on the 
right ventricle. The purpose of this study was to evaluate whether superior cavopulmo- 
nary anastomosls, with its reduction in RV volume load, impacts the raie of tricuspid 
annular dilation. 
Methods: 15 pts (t2Mi3F) with hypoplastic left heart syndrome underwent serial echo 
study. Serial echo studies were analyzed before (13pts, group 1) and after (IOpts, group 
2) superior cavopulmanary anastomosis. Tricuspid annular dimension and the time inter- 
val between initial and most recent study was obtained in each group. Tricuspid annulus 
z-value was calculated using published regression equations. The rate of change in tri- 
cuspid annulus dimension was expressed as the rate of change in tricuspid annulus L- 
value per month of follow-up (dZ/dt). 
Results: The mean period between initial and mosi recent echo study in groups 1 and 2 
was 3.6 i- 0.2 (range, 1.6-5.0) and 20.2 f 5.5 (range, 2.3-55.9)months, respectwely. dU 
dt was significantly greater in group 1 versus group 2 (0.56 i 0.15 vs. 0.09 f 0.09, p = 
O.OI)(Graph). In one group 2 pt., a persistently high dZ/dt value was seen in conjunction 
with severe RV dysfunction and tricuspid insufficiency. 
Conclusions: 1) The rate of tricuspid annular dilation in hypaplastic left heart syndrome 
significantly exceeds somatic growth rate prior to superior cavopulmonary anastomosis. 
2) Performance of a superior cavopulmonary anastomosis is associated with a significant 
decrease in tricuspid annular dilation to nearly somatic growth rates. 3) Continued tricus- 
pid annular dilation may occur in the setting of severe insufflciency or RV dysfunction. 
Larger studies are needed to assess the relationship between tricuspid annular dilation 
and the development of tricuspid regurgitation and RV dysfunction. 
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incidence and Predictive Factors of Neoaortic Regurgitation 
After Arterial Switch Operation 
Roberto Formigari, Alessandro Giardini, Marco Bonwini, Andrea Donti, Daniela 
Prandstrailer, Gabrieie Bronzetti, Carlo Pace, Alessandra Toscano, Luciano Pasquini, 
Gaetano Gargiulo, Fernando M. Picchio. Pediatric Cardiology and Cardiac Surgq 
University of Bologna, Policlinico S. Orsola, Bologna, I&/L: Pediatric Cardiology: 
Ospedale Eambino Gesfi, Rome, My 
Background. Neoaortic regurgitation (NeoAR), rare early after arterial switch operation 
(ASO), may show a delayed onset with progression over time. Causes and long-term 
impact are unclear. We aimed lo assess incidence, progression and anatomic/surgical 
variables bound lo Ihe onset of NeoAR. 
Methods. The surgical, echocardiographic and angio- 
graphic records of 68 pts who survived AS0 at the Poli- 
clinico S.Orsola in Bologna from October 1987 to June 
2000 were reviewed. Surgical anatomy, age and weight at 
operation and postoperative ventricular function were con- 
sidered. Measurements were performed on the postopera- 
tive aortic angiograms (A:aortic annulus, B:max diameter of 
the bulbus, C:diameter of the bulbus 1 cm belowthe sinotu- 
bular junction (STJ], D.diameter of the STJ, Exscending 
aorta, F:descendtng aorta). 
Results. Median follow-up time is 4.8 years (0.3-16). There 
were 20 pts. with transposition of the great arteries (TGA) 
and ventricular septal defect (VSD), 3 wiih double outlet right ventricle (DORV) and 2 in 
situs inversus. Associated malformations were multiple VSDs (2 pts), interruption/coarc- 
tation of the aorta (5 pts) and cleft of the mitral valve (1 pt). Overall, 15 pts (22%) had 
NeoAR, trivial in 8, mild in 6, and moderate in 1. Incidence at discharge was 3%, 17% at 
1 yr and 19% at 5 yrs. There was a progression from mild to moderate NeoAR 6 years 
after repair in 1 pt. Factors associated with NeoAR were complex anatomy (TGA-VSD or 
DORV, p<O.Ol), year at operation (before 1993, ~~0.05) and a STJ diameter/high bulbus 
diameter ratio (D/C) approaching 1 0.92iO.07 vs 0.81~0.08, pcO.01). Although not signif- 
icant, pts. wiih NeoAA showed larger STJs. Coronary anatomy, weight at operation and 
ventricular function were not correlated with NeoAR. 
Conclusions. While the onset may be progressive, NeoAR rarely worsen within the first 
10 years. Loss of the normal STJ geometry after surgery could play an important role. 
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Influence of Pressure and Volume Load on Growth of Aortic 
Annulus and Left Ventricle in Patients With Critical Aortic 
Stenosis 
Adnan M. Moran, John F. Keane, Steven D. Golan Children’s Hospital, Boston, MA 
Background We have previously reported on the growth of the aortic annulus I” 
patients after dilation of critlcal aortic stenosis. The impact of residual stenosis (AS) or 
regurgitation (AR) on growth of aortic annulus (A&z), aortic root (ARtr), chamber 
dimension (EDDz), shortening fraction (SF), and load-Independent contractility (SVI) is 
not well defined. We sought to determine the impact of pressure and volume load on 
these parameters. 
Methods We evaluated serial echocardiographic data in 52 patients with critical aortic 
stenosis (requiring intervention under three months). Z score determination of structures 
(relative to BSA or Age) allowed comparison over time and between patients. Nonlinear 
regression (logarithmic function) was used to profile change in dimension over time. This 
provided a measure of the rate of normalization of left ventricular structures. Specifically 
the age when a z score of 0 (normal dimension) was reached was determined (Table). 
Subgroup analysis was performed for patients with significant AR (at least moderate AR) 
and severe AS to assess the impact of volume and pressure load on growth. 
Results Significant aortic annular hypoplasia was found at presentation (AoVz -0.93 + 
0.88). The presence of severe AS clelayed the rate of normalization of AoVz, ARtz, and 
EDDz. While significant AR increased the rate of normalization of EDDz it did not influ- 
ence the rate of normalization of AoVz or ARtz. In those with significant AR longterm fol- 
lowup revealed a progressive increase in AoVz and EDDz beyond 2 z scores. 
Contractility and function remained normal with thickened chamber walls showing 
enhanced function in all subgroups. 
Conclusion Aortic annular and root growth are delayed in the presence of significant 
residual stenosis but appear independent of the degree of regurgitation. The growth of 
chamber dimension appears directly related io the degree of regurgitation and inversely 
related to stenosis. 
* Significant difference between subgroups. 
Age at Normalization of Dimensions 
Severe AS No AS 
AoVz (mo) 12.8’ 4.7 
ARtz (mo) 1.2* 0.4 
EDDz (mo) 6.6* 0.2 






Is Surgical Closure of Subarterial Ventricular Septal Defects 
Without Associated Aortic Cusp Prolapse and Aortic 
Regurgitation Necessary? 
Kin-shing Lun, Hung Li, Yiu-fai Cheung, Maurice P. Leung, Adolphus K. T .  Chau, Tak- 
cheung Yung, Clement S. W. Chiu. The University of Hong Kong, Hong Kong, People’s 
Republic of China 
Background: Subarterial ventricular septal defect (VSD) is common in Orientals. The 
Indication for surgery in our institution is heart failure or significant aortic cusp prolapse 
with or without associated aortic regurgitation. We reviewed the outcome of 214 patients 
and addressed the issue regarding the necessity and optimum timing of closing subarte- 
rial defects before development of aortic valve deformities. Methods: The records of 214 
patients (137 males) diagnosed to have subarterial VSD between June 1975 and Ocio- 
ber 1999 were rwewed. The following d&a were retrieved: demographic data, transtho- 
racic and transesophageal echocardiographic findings, cardiac catheterization results 
and operative findings. The patients were followed-up for 8.6r5.2 (range 0.1 to 24.3) 
years. Results: Seventy-five patients with heart failure and pulmonary hypertension 
underwent surgical closure of VSD at the age of 2.4-cZ.9 years. None of these patients 
had aortic valve prolapse before operation and none developed aortic cusp prolapse or 
regurgitation on follow-up. In contrast, of the 139 patients managed conservatively, 102 
(73%) developed aortic valve prolapse, 78% (80/102) of which developed aortlc regurgi- 
tation. The prevalence of aortic cusp prolapse and regurgitation at 1, 5, 10 and 15 years 
old was 8%, 30%, 64%, 83% and 3%, 24%, 45%, 64%, respectively. The right coronary 
cusp was involved in 98 patients, while the non-coronary cusps were additionally involved 
in four. Significant prolapse or aortic regurgitation prompted surgical closure of VSD with 
(n=22) or without (n=26) valvoplasty in 48/102 (47%) patients. The size of VSD was sig- 
nificantly larger in patients with heart failure (9.6+3.3 mm) or aortic cusp prolapse 
(i1.7+4.1 mm) as compared to those without (4521.4 mm,  p<O.OOl). All patients with 
aortic cusp prolapse and all but one with heart failure had a defect size of 25 mm.  Con- 
clusions: Subarterial ventricular sepia1 defects of 2 5 m m  should be-closed as early as 
possible to prevent development of aortic cusp prolapse and aortic regurgitation. In con- 
trast, asymptomatic patients with small defects less than 5 m m  could be managed con- 
servatively. 
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Characteristics of Residual Ventricular Septal Defects 
Following Repair 
William P Laird, II, Timothy F. Feltes, Charles D. Fraser, Jr., Kennard Fraley, John P 
Kovalchin. Texas Children’s Hospital, Houston, TX 
Background: We reviewed echocardiographic (echo) and clinical follow-up data on 
patients (pts) wth residual ventricular septal defects (VSD) after repair to clarify iheir 
overall frequency, relation to preoperative factors, frequency of closure, and complication 
rate. 
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Methods: Preoperative data including age, weight, VSD type, and VSD size were evalu- 
ated on all pts undergoing VSD repair between 7195 and 12/96. Postoperative echo and 
clinical data were then analyzed to determine the frequency of residual VSD and relation 
to preoperative factors. In pts with residual VSD, frequency of closure and any complica- 
tions were assessed. 
Results: A total of 175 pts underwent VSD repair, with median age 8 months (range 4 
days-59 years) and median weight 6.8 kilograms (range 1.9-68). VSD types included 111 
perimembranous (PM), 36 atrioventricular canal (AV), 15 muscular, and 13 subarterial. 
Sixty-nine pts (39%) had a residual VSD detected by initial postoperative echo. All 
defects were considered small. A residual VSD was found most frequently in pts under- 
going subarterial VSD repair (69%), followed by PM (43%), AV (28%), and muscular 
(13%). There was no difference between patient groups with and without residual VSD 
for preoperative age, weight, or size of VSD. Forty-nine of 69 pts with residual VSD had 
further echo evaluation at a mean of 29 i 18 months postoperatively. Residual VSD clo- 
sure occurred in 30 of 49 pts (61%). Univariate analysis revealed duration of follow-up to 
be the only factor predictive of residual VSD closure. Clinical follow-up was available in 
56 of 69 pts with a residual VSD at a mean duration of 32.5 f 16 months. One patient 
required reoperation one month after initial repair for residual VSD due to patch dehis- 
cence. There were no other complications over this time period, including endocarditls or 
hemolysis. 
Conclusions: Small residual VSD are common following VSD repair. A greater percent- 
age occur in patients undergoing subarterial and PM VSD repair. There is a high fre- 
quency of closure of residual VSD that increases with duration of follow-up. 
Complications related to a small residual VSD following repair are rare. 
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